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FOREWORD

This Planning Guide for computer program development was prepared by the
System Development Corporation to fulfill a contract with the Office of
Naval Research, Nonr-4543(00). This Guide is intended to be a planning
aid for Project Leaders at the Naval Command Systems Support Activity
(NAVCOSSACT), particularly during their preparation of Planning Estimates
and Project Development Plans. Two preliminary versions (TM-wD-1954/103
and :o4) preceded this document, and these are hereby superseded.

The work leading to this Planning Guide is also part of a continuing study
of programming management conducted by personnel from SDC's Programming
Management Project. The material used in the Guide combines data from the
files of the study members and data gathered at NAVCOSSACT. The material
and concepts in the Guide reflect contributions from both organizations.
Particularly, we wish to acknowledge the assistance and time given by
NAVCOSSACT Project Leaders who participated in the early interviews that
formed part of the data base for the Guide. Also, we wish to recognize
the guidance and contributions of the following NAVCOSSACT personnel:
R. Dolan, B. Mandel, J. Salvail, W. Kent, and E. Wolf. Guidance was
also provided by J. R. Simpson, Office of Naval Research.

The following SDC personnel participated in the work: B. Nanus,
J. N. Wallace, R. S. Steinert, V. LaBolle, N. E. Willmorth, and L. Farr.

t.
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ABSTRACT

This document offers a systematic approach for planning projects
to develop computer-based information systems. The primary
emphasis is placed on the computer program portion of such
systems. A descriptive model of the development process forms
the basis for a set of prescribed planning and management tasks.
The model includes eight phases: (1) System Analysis, (2) System
Design, (3) Program Development, (4) Program Coding, (5) Program
Checkout, (6) User Documentation, (7) User Training and Assistance,
and (8) Turnover. Each phase is further divided into tasks and
subtasks for the purpose of more clearly understanding the elements
of the development process. A detailed sequence of planning
activities provides guidance for planning, scheduling and costing
the tasks that comprise the development process, and forms are
supplied to record the planning results and to serve as checklists
for the required work. The forms and procedures also provide a
basis for project control and for collection of data that may be
used to improve estimates based upon experience. Although this
Guide was prepared for use at the Naval Command Systems Support

( Activity, the material can easily be adapted to apply to
Sprogramming in other organizations.
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I. INTRODUCTION

This Planning Guide is intended as an aid for managers of automatic data
processing (ADP) development efforts. To help a manager plan for development
of computer programs, the Guide supplies techniques and advice on how to
sequence the work and estimate the costs and schedules. The nature of
program development is depicted to identify its influence upon the job of
the technical manager. Although the Guide was prepared for use at the
Naval Command Systems Support Activity (NAVCOSSACT), the material applies
to planning for a much broader spectrum of programming in other organizations.

A. THE SOURCE OF INFOHMATION

As a relatively new discipline, computer programming lacks proven,
systematic techniques for planning and comparing the planned efforts
with completed efforts. On the other hand, considerable experience
has been amassed, and this Guide extracts and organizes elements of
this accumulated experience. More specifically, the Guide synthesizes
anulyses of programming experience at NAVCOSSACT and other organizations
and divides the programming process into 36 tasks. A generalized example
of how to plan for these tasks is given. For example, a Gantt Chart
shows the time sequence of the tasks.

B. THE AUDIENCE

The Guide provides advice on how to plan the development of a program
system. At NAVCOSSACT, such an effort is known as a Project and is
managed by a Project Leader. Therefore, the contents of this Guide
are addressed primarily to Project Leaders at NAVCOSSACT and, to the
extent that similarities exist in the work or other programming
organizations, the remarks are then also addressed to the Project
Leader's counterpart. The Guide may well be helpful to other levels
"of programing management as well as to users and buyers of computer
programs.

Although the primary aim is to provide guidelines for planning a pro-
gramming project, i.e., an effort that results in delivery of a computer
program to a customer, the Project Leader will find some of the initial
steps useful for both planning and conducting a feasibility study of the
proposed effort. As he progresses through the preliminary analysis and
design tasks called for in planning, he will recognize the specific
requirements and assess the feasibility of meeting them.

Ar
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C. ORGANIZATION OF THE GUIDE

Some of the organization and the vocabulary used in the Guide reflect
current guidance for programming managers within NAVCOSSACT. In addition
to interviews and data gathered at NAVCOSSACT, the primary reference is
NAVCOSSACT Instruction 5230.1A, Project Management Manual, 17 July 1964.
To facilitate the possible use of this Guide in other •-ogramming organ-
izations, the various terms, documents, and procedures ,nat are unique
to NAVCOSSACT have been explained in the text, particularly in Section II,
Background, which provides several kinds of material:

". translation from the NAVCOSSACT framework to a more general environment
for computer program development;

" a generalized concept of computer programming to establish a common
ground with the reader. Included are some characteristics of computer
program development and computer programs as products and their
implications for the manager of program development; and

". some additional terminology for NAVCOSSACT readers to help them interpret
the advice in the Gide.

Following this background material, Section III, Using the Planning Guide,
provides a step-by-step procedure for developing a Project plan. This
section introduces the various aids that are contained in the remainder
of the document, such as forms for recording planning information.

Section IV provides some specific guidance on how to estimate the various
resources and the elapsed time needed for computer program development.
It also lists factors that influence computer progratming costs and shows
their influence on various tasks that constitute program development.

Each of the remaining sections, V through VII, corresponds to one of
three broad activities in computer program development at NAVCOSSACT.
These activities, labeled Analysis and Design, Program Implementation,
and Snpport and Turnover, are in turn divided into Phases to further
describe that particular activity.

ANALYSIS AND DESIGN ACTIVITY

System Analysis Phase
System Design Phase

PROGRAM IDPLENUMTION ACTIVITY

Program Developzent Phase
Program Coding Phase
Program Checkout Phase
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SUPPORT AND TURNOVER ACTIVITY

User Documentation Phase
User Training and Assistance Phase
Turnover Phase

The sections V through VII are organized alike. First, an introduction
outlines and describes the purpose of the broad activity, followed by a
review of the work in the Phases, and then typical technical management
problems and cost factors are discussed. In addition, the task descriptions
that constitute the bulk of each of these sections are previewed. These
task descriptions, called Check Sheets, are provided in a format modeled
after a typical computer program transfer function. That is, the Check
Sheets provide a statement of Inputs, Subtasks, and Outputs for each task.
In addition, they include statements about the Environment in which the
task will be conducted as well as specific factors that influence the cost
of performing this task. For easy reference, each section of the Guide,
as well as the Check Sheets for each Phase, have index tabs.

D. MAINTEXNACE AND USE OF THE PLANNING GUIDE

Although the Guide is intended principally for planning, the text and forms
provide a means for continuous control of a Project. Actual progress on
a Project and the corresponding expenditures of time and resources may be
compared to plans to determine if changes are needed.

Such changes are "normal" in programing efforts because of the relative
absence of systematic, reliable techniques for prediction. Based upon
this lack, the themes or the generalized advice for the planner in this
Guide are:

plan in detail,
. review and revise plans frequently, and

coordinate plans, both new and revised, with support organizations
within NAVCOSSACT and with the system user.

To help the planner make numerical estimates, quantitative rules of thumb
are given throughout the Guide. Based upon experience, these rules lack
rigorous validation under controlled conditions, and the reader is cautioned
to teuper them with his own judgment and experience when he uses them.
Information on the relative success of these rules is supplied when it is
available. Use of the Guide and the forms provided is one way to accumulate
detailed data to characterize programming experience. After sufficient
data have been recorded for many Projects, they may be analyzed to derive
quantitative planning factors that could be inserted in modifications of
the Guide. An example of results from analysis of this type is shown in
Section IV, Guidelines for Estimation.

0IL
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ice this effort to set down planning principles for computer program
i "elopuent is essentially part of a learning process, the contents oO
the Guide are subject to change. (The looseleaf format permits pages to
be inserted or removed easily.) Such changes nay result from:

a. the develoluent of new insight into the programining process,
b. changes in requiremunts for programs, and
c. adenwea in technology such as new computers or programming techniques.

*1
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II. BACKGROUND

To make the best use of the Planning Guide, the reader should have some under-
standing of the concepts on which it is based. Therefore, this section presents
background material on:

• Some characteristics of computer programs and programming projects, both in
general and in particular, at NAVCOSSACT, and

• Some factors that contribute to the difficulty of programming management.

A. ASSUMPTIONS FOR THE PLOAWIING GUIDE

In preparing this Planning Guide, certain assumptions were made about the
development of program systems. These assumptions, some of which are
elements of the programming process, management structure, and policy now
used at NAVCOSSACT, are as follows:

"The production of a program system should be organized as a Project
with a series of Phases (System Analysis, System Design, Program
Development, Program Coding, Program Checkout, User Documentation,

) User Training and Assistance, and Turnover) composed of tasks and
subtasks. This model conforms to the way in which program development
is organized at NAVCOSSACT and does not differ in any major way from
practice in other programming organizations.

"A Project begins with the receipt of a Project Request,* that may be
preceded by gross requirement a alyses, feasibility studies, and over-
all system design, and ceases with the acceptance of the system by
the customer after a shakedown period.

*Project Request--a document submitted by a user indicating the objective,
the concept of operation, the tasks, the security classification of the
desired data-processing capability. The document also calls out the earliest
date the capability could be accepted, the latest date for turnover and an
optimum date. These Requests trigger the planning process at RAVCOSSACT.

4,,,•
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a A programming Project exists in a dynamic environment, requiring
that such documents as Project Estimates,* Project Development
Plans,** functional descriptions, and other statements of system
requirements and program specifications be kept up to date.

* Advice for the Project Leader should be devoted to actual program
development, e.g., evaluation and feedback on completed work,
shifting forces as tasks prove difficult or easy, etc., rather
than being devoted to basic and concurrent supervisorial tasks
such as training and personnel evaluation.

0 Documentation of programs and programming should be encouraged in
intermediate as well as final stages, to:

a. increase the tangibility of work results;
b. promote continuity of work;
c. create a file of program designs, development techniques, test

plans, etc., for future use; and
d. promote continuity of information and its communication in systems

following an evolutionary design and implementation plan.

4 Review, validation, and inspection of products should be stressed to
insure proper performance and compatibility with other systems and
products affected by their design and operation.

B. SOME CHARACTFRISTICS OF INFORMATION PROCESSING SYSTEMS AND THEIR DEVELOPMENT

Consideration of the nature of information processing systems and their
development will help the Project Leader to plan. Projects to develop
computer program systems are characterized by the following:

*Pro~ect Estimate--a document prepared by a Project Leader containing
estimates or dollar costs, man month costs (contractor and in-house),
computer time, a gross schedule (total elapsed time) and NAVCOSSACT rating
factors for Project complexity (see NAVCOSSACT Instruction 5230.1A). This
early document is used primarily to obtain management agreement to proceed
with the Project.

**Pro3act Development Plan--a more detailed forecast dividing the Project
work into the eight Phases with schedules and manpower estimates for each.
Number of instructions, computer time, and dates for key milestones are
estimated. This document is used as a basis for status reports once the
Project is underway.
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. The products are, by and large, intangible. That is, they are
procedures and algorithms, ideas and concepts, organizations and
flows, efficiencies and optimizations rather than hardware.

. The products are intimately related to the operations, and mode
of operation, of the system user.

. The user, in many cases, may not have a clear idea of precisely
what he needs when a Project begins, may be unable to communicate
the need to program developers, or may be reluctant to release the
information for security or proprietary reasons.

. Program system products and programming processes are subject to
frequent change.

. A program system typically takes a long time to design and produce,
and consequently suffers from loss of information through obsolescence
and turnover of personnel.

These characteristics are the sources of many problems inherent In the
development of program systems:

( . The intangibility of programs and procedures makes it difficult
to evaluate the product that has been produced.

. Ambiguity in specifications makes comparison of systems and system
features indecisive and leads to disagreements over whether the
product realiy satisfies stated requirements and specifications.

Ambiguity in statements of work leads to the failure to recognize
the importance of, individual tasks and the impact that poor perform-
ance in a task may\have upon others.

Intangibility and ambiguity result in overemphasis upon tasks that
lead to visible "hard" products and underestimation of the difficulty
and cost of less tangible tasks such as "supervise," "coordinate,"
and "evaluate."

One vay to resolve uncertainty and to provide tangible products for
programming activities is through documentation. Some tasks have
documentation built into them ("develop tests," "flowchart," "specify"),
and others may be designated as documentation tasks oy requiring reports
("produce user documentation"). The number of different types of
documents usually depends upon user needs and the policy and work
procedures in the programming organization. How much documentation a
Project will require depends upon its complexity, size, duration, and
changeability, and is partially determined by the individual Project
Leader. Although a theme in this Planning Guide is thorough, accurate,

A
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and up-to-date documentation during program development, the danger of
developing large amounts of expensive, useless documentation exists.
Therefore, managers must determine the usefulness of various document
types and their content; but, in general, too little documentation is the
problem in programming rather than too much.

C. CHARACTERISTICS OF COMPUTER PROGRAMMING PROJECTS AT NAVCOSSACT

The sequence of work to develop a computer program may be divided and
labeled in different ways. But, when these various descriptions are
examined in detail, they aie quite similar. Chart I is a model in block
diagram form of the computer program development process as it is viewed
at NAVCOSSACT and described in this Guide. The diagram illustrates three
major Activities: Analysis and Desig%, Program Implementation, and
Support and Turnover. Within these broad areas are the specific sub-
ordinate activities that constitute the process. The subordinate
activities are known as Phases, at NAVCOSSACT, and are so termed in this
Guide. The Phases are grouped within the major Activities as follows:

1. Analysis and Design Activity

System Analysis Phase--the investigation of an information
processing problem, particularly the need for a new ADP
system or a change to an existing one and the conditions that
may surround the development.

System Design Phase--the creation of a scheme, or ADP design, to
satisfy the requirements of the user.

At NAVCOESACT, this Activity also includes the Requirements and Feasibility
Studies.

2. Program Implementation Activity

* Program Development Phase--the actual design of the programs,
program system test, and program and system files.

* Coding Phase--the production of computer instructions to implement
the program designs.

Checkout Phase--the inspection and test of the coded programs to
insure that they satisfy both design specifications and operational
requirements.

:•'•i•I
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3. Support and Turnover Activity

. User Documentation Phase--the ongoing documentation of the system,
in the form of manuals or reports, and the preparation of formal
documentation.

. User Training and Assistance Phase--planning for and assistance
in the indoctrination of the user into the use of the system.
This Phase also includes the collection and conversion of system
data, which at NAVCOSSACT is a user responsibility.

. Turnover Phase--the turnover of the program system to the customer
and the shakedown of the programs in their operational environment.
This work is shared with the customer, but NAVCOSSACT assumes the
major responsibility. The word "Phase" implies a time sequence of
these types of work. In general, this is true for the process of
program system development, but some Phases, such as User Docu-
mentation, require continual work during the entire process. In
some sense the time-sequence connotation of the word "Phase" still
applies, since the time roughly indicated for this Phase would be
a period of increased intensity for documentation.

Within, or supporting these broader Phases, many other major efforts may 9 -

be needed, such as:

. The production of utility and support programs.

. The development of using and operating procedures.

. The conduct of simulation studies.

D. CHARACTERISTICS AND TRENDS OF PROGRAM4ING AT NAVCOSSACT

During preparation of this Guide, certain characteristics and trends were
noted at NAVCOSSACT. To some extent, these are rit unique to that oigani-
zation, but reflect patterns of growth in other programming organizations
(particularly in the government), as wvll as general trends in automatic
data processing.

1. Characteristics

Program development only part of the total activity. Although
program development is the central core of the work, other
significant resource-consuming activities are also carried out.
Thus, at NAVCOSSACT, the term "Project" refers to many efforts
besides program development, e.g., operation of the Navy
Information Center (NAVIC) cotuputer and research and development
work on programming standards. 0
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. A diversity of users. Requests for programs come from many
widely dispersed sources.

. A large number of small Projects. Most efforts appear to be
small, in terms of machine-language instructions (e.g., less
than fifteen thousand) and number of persons involved (e.g.,
less than twenty).

SA growin• organization with a division of the labor force.
Continuing growth results in a shortage of trained personnel.
In government organizations such as NAVCOSSACT, the labor force
may consist of a mixture of contractor personnel, Civil Service
personnel, and military personnel. Also, at NAVCOSSACT,
reliance on outside help has caused Project leaders to act as
monitors of contracted Projects.

. A fixed array of computers. The basic computers now and for the
near future are relatively fixed, e.g., at NAvCOSSACT, the basic
computers are the IBM 1401 IBM 7090, AN/FSQ-20, CDC 1604 and
CDC 160 (or models of them5.

. Many reprogramming efforts. Many programming efforts require
one data-processing capability at one operational center to be
adapted to serve another center and/or the conversion of programs
from one machine to another.

Many revisions of existing programs. Feedback from users and
changes in procedures demand modifications to existing programs.

* A "service bureau" policy. To provide program and development
services to a large number of users, the organization must try
to preserve its resources. To bound the ADP development process,
an organization such as NAVCOSSACT defines maintenance as a user
responsibility. Also, as indicated earlier, the extent of
NAVCOSSACT participation during development is bounded; e.g.,
the user is primarily responsible for a potentially significant
task--fata Collection and Conversion.

2. Trends

A reduction in software diversity. Despite the rapid expansion
of AKP into many new fields, programming languages and tools and
application programs have tended toward a common information-
processing technology that cuts across areas of application. As
a result, the stockpile of standard programs and programming
techniques growv, and more work can be done to satisfy the need
to transfer programs from center to center and convert programs
from one machine to another. For example, NAVCOSSACT has used
similar programs at more than one center and has standardized
with a single programming language.
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SA growing adaptability to change. Programming techniques that
permit more generality and flexibility are being developed to
ease the accommodation of change. For example, at NAVCOSSACT,
the data base has been "divorced" from the programs to permit
quick changes to it.

A trend toward integrated systems. Although many applications
still call for independent programs and will undoubtedly do so
for some time, there is a trend toward integrating computers and
program systems into operations. For example, even independent
programs must operate under executive program control and com-
municate with centralized data base structures. With increasing
use of computers on-line yia data links, communication networks,
and multiprocessors, an increasing number of multipurpose, multi-
service, multiuser centers may be expected, with increasing demands
on programming organizations such as NAVCOSSACT for tightly
integrated computer programs to operate within these centers.

A continued growth of ADP. The actual and projected use of
automatic data processing continues to grow in all areas of
operations. For NAVCOSSACT this has meant a growing number of
Project Requests that, combined with the shortage of available
resources, leads to the use of a priority system and the "moth-
balling" of low-priority projects for short periods of time.

E. COMMUNICATION AND COORDINATION IN TECHNICAL MANAGEMEINT

The preceding material provides some background on the process and the
products of programming. In this brief discussion, the Project leader's
job is examined, particularly in terms of how it intersects with the
more elusive aspects of programming that do not yield hard products.

The uncertain operating environment of computer program development needs
extensive and intensive communication, coordination, and control. The
Project Leader must actively seek information, encourage and provide
coordination and communication, and solicit feedback on every decision.
Documentation appears again as a prime tool to promote feedback and
verify information as well as to record and transfer experience and
information.

In a job characterized by continual change, few standards, and fewer
techniques for estimating costs, control is particularly difficult.
The Project leader cannot specify exactly what is to be produced, or
precisely what must be done; as a result, he cannot easily evaluate
completed work. Nevertheless, he must establish some mechanism for
insuring thut everything is done that should be, and that things that
are not essential are not. Further, he needs a way to control, or at

SQ0
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least to know about, all changes. Precise documentation, extensive
personal attention, and insistence upon coordination and concurrence
procedures for all designs, procedures, and changes thereto are his
management techniques.

The Project Leader must be aware of, integrate and coord4.nate major
interactions or interdependencies among the following:

Tasks--the processes necessary to produce the system. Failure to
recognize the importance of the individual tasks and their impacts
upon one another is common and invariably leads to slipped schedules
and degraded products.

Organizations--the people and agencies who are banded together to
*:i produce and use the system--the customers and the hardware and

software developers. Although cost of the program system may be
only a small part of the total system cost, the success of the
entire system depends upon an effective program system. Program
design and operation reflect (1) the design o± equipment such as
the computer, communication devices, and weapons, and (2) the
information-processing policies and procedures in the using organi-
zation and others with which the program system interfaces. These
design dependencies demand coordination contacts by the Project with
equipment developers, using organizations, and interfacing organiza-
tions. Face-to-face interchange must supplement documents to overcome
the language barrier that often exists between user or equipment
development personnel and system analysts in the Project.

Products--the programs themselves and their corresponding documents.
In using ADP, part of the trend toward integration of information
processing using computers, computer programs, and communication
equipment, particularly integration of many centers with on-line
use of computers, is increased program system size and complexity.
Interaction among programs in a program system is a factor frequently
overlooked or underestimated in Project planning and costing. Such
interactions call for increased coordination and communication between
programmers working upon the individual programs that interface.
Increased work for analysis and design is also needed, as well as the
additional code to handle the communications among programs. In large,
complex programs, this part of the program system for functions such
as control and housekeeping may be a high percentage of the total code.
Finally, larger, longer, and hence more expensive tests are needed to
check out programs, Gubsystems, and the total program system.

IS
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F. TERMINOLOGY

This Planning Guide uses many of the technical and managerial terms in
the NAVCOSSACT Project Leader's Guide (NAVCOSSACT Instruction 5230.1A).
In addition, the following common terms not defined in the reference are
defined here for all readers:

* Routine--a section of code (computer instructions) in a program that
performs some identifiable function and that is organized and identified
as a logical entity.

• Program--a set of one or more routines or sections of code that perform
some identifiable function or set of functions and are organized to
operate as a self-contained unit.

o Program Subsystem--a set or subset of one or more functionally inter-
dependent programs that operate together to perform a more or less
self-contained data-processing task or phase within a larger system
of program or other system components.

Program System--an interrelated set of one or more programs or program
subsystems that perform the automatic data-processing functions of a -

system and are identified as belonging to the set. Routines, subsystems,
and systems often relate to one another, through the operation of a
control or executive routine, program, or subsystem.

Program Test--the application of a set of data and procedLres to a
program to assure the developers that the program will operate as
specified (also known as a parameter test and "debuggin").

Program Subsystem Test--a test of a subsystem to insure correct
communictition between the various interdependent programs that comprise
the subsystems.

Program &stem Test--a program test applied to a total system of
programs, often, but not necessarily, in a live environment, using
"live" data (data generated during the actual operation of the system)
to assure that various programs interact as specified and required, to
determine if operational requirements for information processing are
satisfied, and to evaluate ease of use and maintenance.

SProgram 4)atem Data Base--central data files, excluding tables and
constants that are used only by individual programs and so are not
stored centrally.

t Following these background remarks on the nature of program develpment,
its characteristic problems, and the more difficult parts of a Project
leader's job, Section III provides a recommended procedure that outlines, 0step by step, how to use this Guide to plan a programming Project.

I
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III. USING THE PLANNING GUIDE

A. PLANNING A PROJECT

The objectives of Project planning are (1) to state, in some detail, the
intermediate and final products of the Project, the work needed to develop
these products and the expected conditions under which the work will be
done, and (2) to estimate the kinds of resources needed and their costs
in terms of elapsed time, manpower, and machine hours.

To plan a Project, in addition to specific knowledge of the job to be done,
the Project Leader must know, in general, what to plan for, what sources
of information he has, what aids he has to help him plan, and what proce-
dures he should follow in planning. To help meet these needs, the Planning
Guide (1) describes the contents of plans in terms of schedules, cost
estimates, and product lists, (2) suggests sources of planning information,
and (3) presents in this se,..-ion some planning aids, e.g., forms, and a
procedure for planning.

B. THE OUTPUTS OF PLANNING

£,• The planning procedure outlined below carries planning for a programming
project from its inception to the point where a detailed plan exists for
the producti* of a system. As mentioned earlier, well-defined procedures
do not exist for formulat- ng an effective plan by using only a statement
of requirements. The absence of such techniques means that to develop a
"plan, work must be done to define or analyze the particular information
processing problem and even some work must be done to design programs
that solve the problem. In addition to its contribution to planning,
work of this type constitutes the first activity in program development,
i.e., System Analysis and Design. Generally this work proceeds in iterative
stages--first analysis then design--in which the detail increases and
variou. alternatives are rejected at various decision points. At NAVOOSSACT,
three major decision points and allied products are identified: first, a
gross estimate of system feasibility and overall costs; second, an estimate
of more detailed system requirements and a plan for system development;
and, third, a detailed design for the system and a plan to produce it.
Planning does not stop at this point; a Project Leader must take many more
plans to detail the actions of his Project, and the existing plans, always
subject to change, must be maintained. The issuance of these plans,
however, may result in a management action to cease planning and develop-
ment at ary of these major decision points. At NAVOOSSACT these plans
mark the following decisions:
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1. Planning Estimate

As a result of a preliminary analysis of the Project Request and the
work expected, the decisions that might be made are:

"The system implied is desirable and technically and economically
feasibl. and, tentatively, can be developed using internal resources.
A rough estimate of Project duration and cost is made and more
detailed analyses of requirements are undertaken. At NAVCOSSACT,
this statement, called the Planning Estimate, must be prepared
within 60 days following receipt of the Project Request.

" The system is feasible, but cannot be produced with the available
internal resources. Both the Planning Estimate and a more detailed
analysis of requirements are used to prepare a statement of work
and a request for proposal by an outside contractor.

"* The system is not feasible. A report of nonfeasibility is sent
to the system requestor and the planning ceases.

2. Project Development Plan

As a result of more detailed analyses, a gross inventory of system
requirements, functions, and environment is generated, and either the
Project Leader or the selected contractor prepares a Project Develop-
ment Plan that presents:

". A gross estimate of system development and implementation requiremenis.

"* A preliminary flow diagram for the system.

"• A tentative schedule for the Project.

"* A tentative estimate of the manpower and computing time required
to produce the system.

On the basis of this more detailed analysis, the decisions to be made
are:

. The system is technically and economically feasible and desirable
and planning should continue. If appropriate, a contract is let.

• The system is not feasible or desirable and development and
planning should cease.

0
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3. Projec. Implementation Plan

As a -esult of the completion of the System Analysis and Design
activi, j, a set of detailed plans for the production of the system
is made includi..g"

* Specifications of system requirements.

* Spec. Ications of the system design.

". Evaluation of systeL implementation requirements.

* Schedules for system production.

* Cost estimates for system components and system production tasks.

On the basis of these, it is decided that:

. The proposed system design and implementation plan are satisfactory
and the implementation or the system is initiated.

. The proposed plans are not satisfactory, but may be modified until
they are acceptable.

SThe proposed plans cannot be made satisfactory and development and
planning should cease.

C. INPUTS AND AIM TO PLANINDG

The planning procedure assumes that the Project Leader has the following
aide:

1. A Project Request

A customer's statement of need nd requirements that contains a general
description of the system to be planned and the problems it must solve
for the customer; the statement includes the user's indication of
objective, operational concept, tasks, and searity classification of
the desired data-processing capability. The document also states the
dates of earliest acceptance and la,est turnover.

2. A Model of the Program Development Process

Sections V, VIs and VII of this Planning Ouide contain Check Sheets
that describe, a model of the progrem system development process, in
terms of inputs, tasks and subteaks, expected outputs, and environ-
mental factors. The process has been divided into a hierarchy--three
activities consisting of eight phases, each divided Into tasks and these
in turn divided into subtasks.
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3. A Project Sumnary Sheet

Charts II and III present a suggested form for recording Project
planning information as it is derived. One section of the form is
used to record general descriptive information about the Project--its
identification, its description, its environment, its operating condi-
tions, its size, and various assumptions concerning the production of
the system. The second section of the form is used to record the
time and cost estimates that are made for each of the major tasks and
phases of the program system development for the particular Project.

4. A uomputer Program Planning Sheet

Charts IV and V present suggested forms to assist in the detailed
costing of designing, coding, and checking out individual computer
programs, as well as an integrated set of these that constitute a
system. The form shown in Chart IV is divided first into three parts--
Program Development, Program Coding, and Program Checkout--that represent
the major products and activities in the production of a program. Each
subpart is divided into a description of the product or activity, and
a series of major tasks to be performed in producing each product.
Information derived using this form for each program comprising the
Program System is totaled and summarized on the Project Summary Sheet.
For large program systems, several programs may be tested together
prior to test of the total system. Chart V, Program S, am Planning
Sheet, is a form for recording planning information for ýogram sub-
system and system checkout.

5. Access to Previous Experience

Much of the analysis and costing of a program system will benefit from
experiences with similar systems and programs. Because costing and
scheduling of computer programs are presently subject to large errors,
access to and use of such experience in planning will usually result
in more accurate estimates. Sources of such information are the
personal experiences of the Project Leader and his colleagues (such
as other Project Leaders and Project members), files of previous and
current Projects, summary descriptions and evaluations of completed
Projects, technical journals and books, and documentation of Projects
from other organizations (e.g., technical reports, 4lans schedules,
and actual costs and experiences in producing the systemS.

Large copies of these forms, suitable for actual use, are included at the
end of the Planning Guide.
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6. Intermediate Products of System Analysis and Design

As the Project progresses, it produces much information that is
relevant to Project planning. The processes of system analysis and
design produce analysis of user's requirements and environment,
program requirements and data environment, production requirements
and environment, and design specifications for the system, for
programs, and for file and data structures, plus many less formal
products such as trip reports, conference reports, correspondence,
and other documents.

7. Planning Instructions

The Project Leader's management must specify how the leader is to
plan. It should specify how the leader and his organization must
interface with others,, what reports are to be made, what forms must
be completed and sent out, and what his other responsibilities and
;cmnitments are. At NAVCOSSACT, the Project Leader's Guide (NAVCOSSACT
Instruction 5230.1A) and this Planning Guide provide general instruc-
tions on the way Projects are to be planned.

D. THE PLAINING PROCESS

The planning process recommended is detailed in this section of the
Planning Guide. The sequence of steps outlined tells how to use the
Check Sheets contained in Sections V, VI., and VII; explains how to complete
the Project Simiry Sheets, the Computer Program Planning Sheet and the
Program System Planning Sheet; and describes the other activities and
products produced in the planning process. This process is assumed to
occur over a period of time during which work on the Project proceeds.
Therefore, the planner will find that the sequence of planning steps
includes or is intermingled with much of the work described in Section V,
The System Analysis and Design, and in the Check Sheets for these Phases.

The sequence of the principal planning tasks detailed below is:

1. Preliminary Analysis
2. Information Collection
3. Gross System Analysis
4. Preliminary Program System Design
5. Determination of Work Tasks
6. Schedule Estimation
7. Preliminary Review
8. Obtain Concurrence
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PLANNING TASK 1. PRELIMINARY ANALYSIS

Evaluate available information to determine how much more information must
be collected, estimate the cost required to collect and analyze it, and
make a gross estimate of system size and implementation costs.

The steps to be taken are:

Step 1. Begin to complete the Project Summary Sheet (using the form
provided at the end of the Guide) by recording the Project
Identification from the Project Request:
. Request code and date

. Request title

• Requesting organization

. Requesting letter reference number

• Division assigned responsibility for the Project

SProject Leader's name and date assigned

. Contractor and contract date

Step 2. Obtain, in addition to the actual Project Request, other
information, such as:

. Requirements for the proposed computer program system.

. Proposed information processing, e.g., logistics planning
or weapons control that will use the program system.

. User's environment (present as well as future) including
mission statements, organization charts, physical location
of facilities, operational functionsp and mode of operation.

4 Proposed system hardware including the computer, input and
output equipment, and communications networks.

. Requirements for tests, inspections and/or demonstrations of
the system.

* Location and availability of the computer to be used during
develop•ent.

SThe names and descriptions of hardware components that may
interact with the program system.
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. The number and locations of stations and organizations that

will use or participate in developing the system.

Record on the Project Summary Sheet the Project Description:

. Statements of the missions and objectives of the system.

. Description of the using organization and the placement of
the program system within its operation.

. The primary functions the system is to perform.

Record on the Project Summary Shee the System Environment:

. The names of "super" (or larger) systems that include this
system as part of their functioning.

. The names of systems that interface with this system, feeding
information to it or receiving information from it.

• The names of similar systems that have been developed by
NAVCOSSACT or others.

Step 3. Determine and list, briefly, the information that is at hand and
that must be obtained. Estimate the effort to collect the
required information, and, consequently, the costs of performing
the first five tasks of System Analysis as described in the
Check Sheets. These estimates are to be entered on page 2 of
the Project Summary Sheet.

Step 4. At this point., complete the Planning Estimate by making gross
estimates of:

. Total cost

. Total program system size

* Data base size and structure and storage

Relative complexity of development requirements

* Program system complexity

• Percentage of time to allot to the various phases

. Project staffing and duration

0
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Step 5. Make a reccmmendation on whether or not (1) the system is
feasible, (2) it sbould be contracted, and (3) planning should
be continued.

Step 6. Coordinate the review of the Planning Estimate and the decisions
on the recommendations in Step 5 above and revise the Planning
Estimate and reccmnendations to incorporate the results of the
review. Cease or continue planning, according to the decisions
made.

,•*

,t•, a
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PLANNING TASK 2. INFORMATION COLLE2ION

Collect information (from the user and other sources) about the proposed
and existing system and its environment, equipment configurations, and
modes of operations, and about system production requirements.

The information to be gathered in this planning task is similar to, but
less detailed than, the information required for the actual system design.
For an internal Project, this information represents the beginning of
system analysis. For a Project to be contracted, it represents the
information necessary to formulate a statement of requirements and a
statement of work for a contract proposal request.

The steps to be taken are:

Step 1. Contact the user or Project requester, hardware manufacturers,
and other development agencies, as necessary, and arrange for:

0 Conferences and briefings

. Security clearances and access to information

(_ . The collection and transmittal of pertinent documentation

* Visits to existing installations

* Interviews with user personnel

Enter the names of contacts on the Project Summary Sheet.

Step 2. Conduct conferences and briefings, interview users, and observe
current operations. Daring Steps 1 and 2, look for the
following problems and clues to both design requirements and
improved planning estimates (see Check Sheets for System
Analysis, Tasks 2 and 3):

. Existing and potential system inefficiencies

. Possible approaches and or methods of attack for design of
the total system or parts of it

• Possible problem areas, such as functions that will be
difficult or costly to program

• Possible interaction problems such as points of friction,
e.g., users or other organizations participating in the
Project that seem reluctant or unable to provide information

Ik
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Especially easy areas of development, e.g., possible use of
(1) routines or programs from an existing system, (2) other
systems or libraries, and (3) other design or programming
techniques that may be directly applied. In these cases,
try to get the specific products to actually assess the ease
of transfer.

Step 3. Determine the computer to be used in producing the program
system (see Check Sheet for System Analysis Task 4) and make
gross estimates of:

. Tarnaround times

. Priority and work loads

. Procedures and operating system

Step 4. Identify similar and interfacing systems (see Check Sheet for
System Analysis Task 5) to determine possible processing
requirements and constraints and to identify routines, functions,
and data files that might be transferable and/or furnish a basis
for costs.

U1
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PIMAIN TASK 3. GROSS SYSTEM ANALYSIS

From an analysis of the information gathered, design and evaluate a
preliminary model of the oper'tional system. Determine system size and
complexity more accurately and evaluate the expected equipment config-
uration and usage.

This analysis must be detailed enough to provide material for a contract
statement of work and to permit evaluation of proposals. The work Is
an iteration of System Analysis Tasks 2, 3, 4 and 5. Therefore, inputs
vill be preliminary results of the earlier work done in these tasks. In
this planning task, the Project leader (with substantial contractor help
in case a contract is let) produces a Project Development Plan.

The steps to accomplish this analysis are:

Step 1. Prepare preliminary descriptions of:

. The existing system

0 The existing user organization for related information flow

(I* . The proposed system

* The proposed user organization for related information flow

0 System inputs and outputs

0 Operational functions and the proposed mode of operation

• The proposed equipment configuration

* System interfaces

• Available progriming tools and facilities

Step 2. Issue these descriptions for review and also as part of a
Bequest for Proposal when contract help is sought.

Step 3. Suinwrlse the planning information obtained on the Project
Stinry Sbeet:

* On paep 2, enter estimatt the costs of performing System
Analysis Tasks 6 and 7.

In Manning Assumptionsaenter estimates of experience and
skills levels required to perform the various tasks, and
names of key personnel who are needed for successful Project
conduct.
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In Lead Time Assumptions enter notes on key events or
conditions such as elapsed time to reach assumed levels of
manning or training, expected delivery dates for computers and
any other key equipment, or delivery dates for compilers and
operating systems.

• In Contacts, identify individuals who will represent the
various agencies involved in this Project.

Step 4. Determine the computer and support program requirements and
availability and enter the following under Computer Usage on
the Project Summary Sheet:

. Computers to be used for program production and test and
their location.

. Programming language and operating system to be used.

. Expected date of first use of the computer, the probable
maximum usage of the machine, and desired turnaround time.

In the Comments column, note the following and other relevant
information:

. Evaluation of the reliability of the computer and pro-
gramming tools.

. Probable competition with other uses of the computer,
and the priority of these Projects or activities.

Step 5. Coordinate the review and approval of the above analysis
work and/or contract proposal and issue the Project
Development Plan.

The Project Development Plan is a more detailed and accurate
forecast than the Planning Estimate and contains an estimate
of the calendar time, the effort in man months, and other
quantities related to Project progress. It lists starting
date, completion date, man months allocated, and rogress
indicators (quantity required and unit of measure) for each
Phase in the Project Development Plan. Depending upon the
complexity of the Project, the Project Development Plan
must be prepared either 60 or 90 days after Project
initiation.

S
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PLANNING TASK 4. PRELIMINARY PROGRAM SYSTEM DESIGN

To help complete the estimate of Project costs and schedules, lay out a
preliminary program system design in terms of overall functional blocks,
and compare the proposed system to similar existing systems. Mhe steps
in planning during preliminary program system design are:

Step 1. Identify systems with similar features to exploit this
experience, if possible, by using cost data, designs, and
development methods for planning and developing the proposed
system. Look for similarities in programs and routines,
applications, computers and other equipment, and Projects
for the saw user.

Sources to consult are:

. Past and current Project files

. Libraries of professional books, journals, and reports

. Lists of SHARE: CO-OP, and other subroutine libraries

C . Experienced personnel such as other Project leaders and
consultants

* Colleagues in the field

Step 2. Divide the program system into subsystems, by identifying
relatively independent sets of functionally related
requirements. Here, the words prorM systems are used in
a relative sense. For example, in a large, new information
system, one division may identify (a) operational programs
(i.e., those programs that contribute directly to the system
mission), (b) operational support programs (those programs
that do not directly perform operational work, but are
necessary to support the operation of the system), and
0c) program production and checkout (utility) programs.
WAt AVCOSSACT this type of system development would
embrace a large number of Projects.) In other cases, the
program system to be divided would be only one or part of
one of these programs. If necessary, divide the subsystems
into smaller blocks such as programs and major subroutines.
It is suggested that individual Project Summary Sheets be
initiated for each major subsystem and that subsequent
tasks be repeated for each subsystem.

4
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Note that the Summry Sheets, Program Planning Sheets, and
Program System Planning Sheets are sufficiently flexible to
be used for a rbAige :, possible program system heirarchies.

Step 3. For each subunit identified, record the identifying information
on a Ccmputer Program Planning Sheet (ree work sheets at the
end of the Guide), including program name, function and type
of job.

Step 4. On the second page of the Summary Sheet. record estimates of
4`ý the cost of performing the seven lesignated tasks of the

System Design Phase.

P"-

V
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PLANNING TASK 5. DETEUINATION C' WORK

To assess in detail the work to be done, examine each program and
estimate the man months, computer hours, and elapsed time necessary
to produce and test the programs. Identify and establish the program
flows, functions, inputs and outputs, and testing requirements for
each program. To be sure that tasks or important aspects of the
work are not overlooked, refer to the appropriate Check Sheets in
costing the various programming tasks. The costs to develop
individual programs and to test subsystems are to be recorded on
the Computer Program Planning Sheet and the Program System Planning
Sheet, respectively. Later these are to be summed and transferred
to the Project Summary Sheet. Initial entries should be tentative,
subject to revision after planning of this phase is complete and
prior to recording them in the Smmnary Sheet.

Step 1. For each program, develop a tentative, broad flow diagram
of system operations (see Program Development Tasks 2 and
3) that shows:

• Inputs--messages, number of types, rates

. Outputs-.eessages, number of types, rates

SData flows through the system

* Intermediate data structures

* Processing functions

* Feedback, monitoring, interrogation, and response loops

6 Cyclical or temporal relations of functions and data flows

Step 2. For each program, estimate the work required to perform the
following Program Design tasks (see System Design Task 2 and
Program Development Task 2) and enter the values on the
Computer Program Planning Sheet.

* Logic Analysis and Flow Chart

* Timing/Analysis

. Design Review

* Program Specifications

;(
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Step 3. Analyze the broad flow diagram to identify data structures
and manipulation requirements and to determine functions
and data structures that:

Are similar or identical, e.g., with respect to design,

I/0 sources, and operating speeds

* Operate in the same time intervals

*-Are highly interdependent or interactive

Step 4. Record the Data Description entries for each program on the
Program Planning Sheets:

*Number of items of data to be processed

* Number of different input and output formats

a Number of data tables to be designed

a Number of constants and parameters

* Number of files

- Number of pages of documents to describe all the data

Step 5. Estimate the work necessary to perform the following Data
Desiga tasks for each program and enter these estimates on
the respective Program Planning Sheets:

. Data Anal~ysis

* Inpuzt and Output Formats

u Data Design

. Storage Allocation

. Data Review

. Documentation

Step 6. Describe each program in term of size, complexity, and
familiarity. Some techniques to help make these estimates
are:

. Comparison with similar programs or routines in previous
Projects, in the literature, or in subroutine libraries.
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In addition to comparison of size and complexity, special
attention should be paid to differences in generality,
modularity, language, operating system, and function.

Make use of short design and coding trials by roughly flowing
and actually coding sections of the programs. These trials
should sample most functions but stress possible difficulties
such as control and feedback loops and interfaces. Although
time-consuming, this sampling of the work yields fairly
accurate estimates of size, complexity, and difficulty.

Solicit and use expert opinion and diagnosis. Although
subject to possible bias, experienced persons, when dealing
with systems that are similar to them, can often make
relatively good estimates of size and complexity, and can
also detect conditions likely to cause difficulty. However,
experts in a single function may overlook program system
conmmunication, housekeeping, and I/0 requirements. Be
sure an estimate includes these, since, depending upon the
system design, they may comprise up to 40 percent of small
pro grams.

Step 7. Record the following information in the Program Description
Ssection of the Computer Program Planning Sheet:

Number of instructions, divided into two estimates--one
of new code and one of old or revised code--to get an
idea of the proportion of innovational or unfamiliar coding
involved. Reference any old programs with usable code or
lesign in the Remarks area on the reverse side of the
5rogrem Planning Sheet.

• In the space for Number of Blocks, enter the number of
fmbctions and subfunctions involved.

The entry for Complexity must be a local standard, such as
a sca'e of one to five, that reflects not only the number
of interactions among subfunctions and the number of
inzerfaces with other programs, but also the number and
vwiety of data types input, manipulated, and output; or,
the standard could actually be a rough count of these items.

(
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At NAVCOSSACT a Complexity Factor has been defined for the
total system to be developed and is presented in the Project
Leader's Guide.

Enter estimates of the number of pages of documentation for
the program. If no better estimate is available, a minimum
documentation estimate of one page per hundred instructions
may be adopted. If the program is new or complex, and study
is thus required for design and use of the program, more
documentation may be required.

Step 8. After estimating the program size, estimate the cost of perform-
ing the tasks of coding, desk checking (see Program Coding
Tasks 1 and 2) and keypunching, and enter the cost of the tasks
required for each program on the Program Planning Sheet.

Step 9. Estimate the cost of compiling and checking the code for each
program, and of designing and running individual program tests.
(See Program Checkout Tasks 2 and 3.) Assume a minimum of three
trials per program for test. Enter the results under Checkout
Description on the Program Planning Sheet.

Step 10. Although the detailed plaiming for system testing will occur
later, make rough estimates of the number of tests that will
be run for subsystem and system testing, and the number of
trials that the tests will require, and enter these estimates
on the Checkout Description area of the Program System Planning
Sheet.

. The number of tests for subsystem testing may be estimated
by determining the number of pairs of interfacing programs,
the number of triplets, and the number of other subsets of
interfacing combinations, and by scheduling at least one
test for each interface combination. (Other assembly
procedures are possible; for example, plan tests for each
required operational function and string together (often
via an executive routine) those programs that contribute

* At NAVCOSSACT, the Degree of Factor Complexity as defined in NAVOOSSACT
Instruction 5230.-A provides a technique for rating complexity of the
development using a matrix of factors versus degree. The factors include
originality required, degree of generality, span of operation (geographic
dispersion), change in scope and objective (anticipated), equipment
complexity (ranging from one machine to multicomputer with automatic
I/0), number of personnel (including contract size), and cost.
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to the function, whether they interface or not. One program
may be involved in several "string" tests since it normally
'atributes processing to several functions. Tests may

, be planned for evaluating interactions with particular
0 i,, of system equipment.)

•.east two system tests should be planned, an easy one
SK .h simple inputs) to determine that the system will
operate, and one quite difficult (heavy load) to evaluate
performance. As with subsystems, individual system
functions should also be tested to evaluate them separately,
i.e., free of the obscuring effects of interacting functions.
If several versions of the system are to be produced for
installation at different locations, tests should be planned
for the different versions. This system test planning may
also include plans for the Demonstration test.

Despite careful programing and thorough debugging, programs
seldom pass the first test. Hence, at least three trials
per program system test should be planned. Early tests
will probably take even more trials; later tests may take
less. If the system has several versions e.g., one for each
of several locations, similar trials should be planned for

( each unique version.

Step 31. Estimate the cost of performing the Program System Checkout
tasks (see Program Checkout Tasks 4 and 5) and enter the
results on the Program System Planning Sheet.

Step 12. From the Program Planning Sheets and the Program System Checkout
Planning Sheets, sum the costs of Program Development, Program
Coding, and Program Checkout tasks for all programs in the
particular system and enter the results on the Project Summary
Sheet. If separate Summary Sheets are maintained for subsystems,
sum onto the subsystem Summary Sheets and then onto a master
Project Summary. Entries should be regarded as tentative,
subject to later revision.

Step 13. Estimate, on the basis of the results of the previous planning,
the costs of the components, the planned work for user docu-
mentation, user training and assistan-e, and turnover phases
and enter these estimates on the Project Summary Sheet. (See
User Documentation, User Assistance, and Turnover Task Check
Sheets.)i

E:
I' : • ? , • • • • • ' ': : '....... ........
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PiANN12D TASK 6. SCHE~DULE ESTIMATION

Prepare detailed schedules for the overall Project and for the tasks and
components of the system. (Section IV of the Planning Guide provides
additional discussions of schedule considerations.)

Step 1. Lay out rough time-line schedules to indicate the general time
periods during which various tasks are to be performed. See
Chart VI for an example of a Gantt Chart. For large program
systems in which some subsystems may have to be developed first,
e.g., utility, separate graphs should be drawn for each inde-
pendent program subsystem.

Step 2. Lay out time-line schedules for:

Each of the individual programs as recorded on the Computer
Program Planning Sheets.

Each of the subtasks of the tasks involved in the System
Analysis, Wstem Design, Documentation, User Training and
Assistance, and Turnover Phases.

Step 3. Prepare a general sequence of work or network analysis schedule
to depict, in graphic form, the sequences in which work must be
done. Network analyses show the dependencies of one task upon
the successful completion of others and indicate the shortest
time (the longest or "critical path") in which the job can be
done with the cost, productivity, and delay time assumptions that
have been made. A wy in which these dependencies are dia-
grammed is shown in Chart VII, an example of a network analysis
for the System Analysis Phase. In prepar. g a network analysis,
give special attention to:

. Task dependencies.

. Critical deadlines, such as the delivery and availability
dates for computers and the utility system.

. Review, concurrence, and decision points.

0 large periods of "slack time" that permit some work to be
done in paralls, to reduce lead times.

Step 4. Reconcile differences between the detailed schedules (Step 2)
and the overall schedales (Steps 1 and 3). All of these schedule
representations, Planning Sheets, Gantt Charts, and networks
should be aligned so that they agree. Tb make this alignment,
tentative plans should be adjusted by:
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"* Increasing or decreasing estimates of manpower allocations.

"* Reducing or removing proposed system features.

"* Reducing proposed quality and performance levels.

Stb, 5. Enter proposed start and comletion dates on Program Planning
Sheets and the Project Summry Sheets. On the Summary Sheets
the Coding and Checkout dates should span the entire range of
time for coding and checking out individul prorams as indicated
on the individual Program Planning Sheets. It may be necessary to
adjust earlier manp(mer and coupter time estimates, to account
for changes that result from the schedule analysis in Step 4.
Record any assumed conditions that critically influence lead time
in the Lead Time Assumptions section of the Summary Sheet.

Step 6. Review the assumptions that have been made for ccmputer usage by:

e Sunning up estimtes of ccuputer time by computer, language,

operating system, and location.

( Realistically estimating the number of competing users of

the ccmputer and the Project priority, and then estimating
the expected average amounts of computer time for the Project
per day and per week.

* Estimating the average amount of coampter time each prorammr
is expected to need.

Estimating the expected turnaround time for Project work,
considering competition and priority, plus other factors such
as the accessibility of the computer location and the known
or estimated efficiency of the compating facility.

Step 7. Enter these revised values, along with the forecast date of
first use, in the C2Wputer Usage section of the Project Stunry
Sheet.

g
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PLANNING TASK 7. PRELD(ENAR REVIEW

Integrate costs, schedules, and all plans by reviewing them with the
Project embers and with other Project Leaders.

The basic costing is now done; the sequence of study, information
collection, analysis, design, costing, and scheduling is complete. This
first detailed analysis may contain many oversights, redundancies, and
contradictions. The steps taken to detect and eliminate such discrepancies
are:

Step 1. Study the costs and dates recorded on the Project Sumry Sheets,
Comuter Program Planning Sheets, and various schedules, to
evaluate their reasonableness and to detect contradictions between
detailed and overall schedules.

Step 2. Review the reasonableness of Project plans, particularly costs
and schedalec, with other Project Leaders or objective expert
personnel.

Ster ;- Lock for and identify omissions and redundant efforts.

Step 4. Correct oversights, remove redundancies, and adjust contradic-
tions.
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PLANNING TASK 8. OBTAIN CONCURRENCE

Document the plans for the implementation of the program system and
obtain the concurrence of higher managemeat and the customer. The
coordination and concurrence for the Project Implementation Plan and
Preliminary Functional Description (see System Design Task 6) should be
concurrent.

The steps taken are:

Step 1. Draft the Project implementation plans. Emphasize statements of
mission and objectives, descriptions of activities and products,
and discussions of assumptions and limitations that will make
graphic and numeric information meaningful to the reader who is
inexperienced with ADP. Recommendations may be made concerning
the continuance, priority, and feasibility of the Project.

Step 2. Submit plans and recommendations to management for coordination,
. review, and approval.

Step 3. Cooperate with management in their evaluation of the plans by:

. Presenting briefings.

. Attending conferences.

0 Providing additional information.

0 Clarifying assumptions, specifications, and estimations.

• Trying to answer objections and responding to suggestions
raised during the evaluation.

Step 4. Revise plans until management concurrence and approval is received.

Step 5. Prepare drafts of the plans for coordination with the user.

Step 6. Cooperate with the user and his agents in their evaluation of
the plans as in Step 3.

Step 7. Revise plans until customer concurrence is achieved.

Step 8. Publish the Project Implementation Plan.

(
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IV. GUIDELINES FOR ESTIMATION

In the development of a specific program or program system, the cost of any
task or subtask depends on numerous factors, such as the size and complexity
of the program being developed, the resources including the personnel,
methodE and tools used for development, and the particular conditions under
which the programs are produced. This section describes some cost factors
that the Project Leader should consider; presents some guidelines that may
be used for cost estimation and scheduling; and displays some equations
and raw data that are the results of research in cost estimation.

As one might expect, larger Projects incur larger costs. Experience shows
that increases in size, complexity, and integration of computer programs
into a system lead to a need for increased division of labor and coordination
as follows:

. To meet reasonable development schedules, work must be divided into
tasks that can be handled by a single person.

. Tasks that may be subsumed in a small effort now become large enough
and important enough to have one or more persons assigned to them£ full time.

. The time and effort needed for (and usually spent on) system analysis,
design, and testing increase much faster than the time spent on detailed
programming and coding.

0 The interdependencies of programs increase rapidly so that the need for
coordination and communicatiun arong the programs and in the corresponding
development work grows exponentially.

. Correspondingly, the need for management, supervision, and control
increases greatly.

Although the guidance given below reflects some of these, the Project Leader
should keep these characteristics in mind to aid his judgment.

A. COST FACTORS IN PROGRAM DEVELOPMENT

The many factors that influence Project difficulty or cost may be
divided into three groups:

. The nature of the job to be done--the nature, clarity, and extent
of system requirements.

* The wherewithal--the amount and availability of the various resources
(personnel, machines, and information) required to do the job.
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The environment--the conditions under which the Project is managed and
t he program must be developed.

Developed from a survey of experience in program development, Chart VIII
is a matrix showing a summary of cost factors as they are qualitatively
related to the tasks. The Check Sheets include a more detailed list of
cost factors. The 36 tasks describing the system development process are
listed on the left side of the matrix, the factors above. Factors are
grouped into the three eategories: Requirements, Resources, and Development
Environment. A r,'lus sign appearing at the intersection of one of the factors
and one of the tasks means that the presence of that factor will increase
the cost of the task; a minus sign indicates that its presence will decrease
the cost of that task. The extent to which the factor is present determines
the degree to which it increases or decreases the task cost; e.g., the
greater the amount of programmer experience, the greater will be the extent
to whieh the cost of the programming task is decreased. On the other hand,
some factor/task relationships do not exist in degrees; e.g., if the computer
used for levelopment is not the same one as the computer used in actual
operation, project planning and development costs will be higher. (If data
were avuilable, this chart could be used to make detailed comparisons of
factors in a new Project with factors in completed Projects.)

B. GUIDELINES FOR ESTIMATION

Although the prediction of programming costs is still largely uncertain
and inaccurate, better costing formulas are gradually evolving. However,
as long as programing includes a large amount of development work and
information generation, some inaccuracy of prediction must be expected.
The accuracy of prediction depends upon the accuracy of assessment of the
many factors that influence the work. Also, until the influence of these
factors can be established conclusively, the initial estimation of costs
must rely upon experience and rough rules of thumb. But in any specific
Project, as work proceeds, the influence of specific factors will become
clearer and, hopefully, quantitative. Therefore, planning, including the
estimation of costs and schedules, is viewed as an ongoing function of
the Project leader, and estimates will change several times during the
course of a Project. Generally, each revision of the plan is more accurate
than the preceding one.

In planning, the Project Leader must make estimates of the costs of the

programs in terms of:

" Manpower

" Computer Time

" Elapsed Time
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1. Computer Time Estimates

On most Projects, gross estimates of computer usage are adequate. That
is, estimates of the computer time needed to check out any one program
are usually quite inaccurate, but rules of thumb appear to come sur-
prisingly close to actual expenditures. Two basic methods are:

a. Estimate computer hours as a function of the number of programmers
and weeks of computer usage. Depending upon the conditions of use
and the number of programmers competing for time, computer usage
averages between eight and fif,.een minutes per man day, or between
two-and-a-half and four hours per man month. That is, 30 to 60
programmers can use one to two shifts of computer time per day in
compilations, code checks, data generations, and program tests.

b. Estimate computer hours as a function of number of instructions.
Great variation exists in the amount of time taken to check out
any one routine or program. However, a rough rule of thumb for
moderately large systems is one checked-out instruction per minute
of computer time. For small and simple programs, for program
rewrites, and for program conversions from one computer to another,
less time will be required. For large systems with many interfaces
and tightly integrated functions, more will be required.

For initial estimates, these rules are usually adequate. Because of
unforeseen difficulties in computer usage and availability it is good
practice to reforecast computer time requirements frequently.

2. Programmer Productivity

Estimating programmer production is more difficult than estimating
computer time. For a programming process divided roughly into three
parts, Analysis, Coding, and Checkout, the percentage of total effort
devoted to these parts is shown in Table I.

From these data it may be estimated that the average allocation of
effort is as follows: Analysis and Design will consume 40 percent
of the manpower; Coding, 15 percent; and Checkout and Test, 45 percent.
Roughly, the Analysis and Design work represented by these figures
includes equivalent tasks; the same is true of the Checkout work.
At NAVCOSSACT, the Coding Phase is a larger part of the work (includes
more taskc) than that implied by the other entries under Coding in
the Table. For example, at NAVCOSSACT, design of individual programs
and their associated documentation would be included in Coding, but
in the other programming efforts this work was included in Analysis
and Design. Despite these differences, the average values agree -ith
NAVCOSSACT experience.
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TABLE I. RELATIVE COSTS OF PROGRAMMIG PROJECT PHASES*

SLTEV* SAGE*" NTDS**** NAVCOSSACT AVERAGE

_YL M WWL
Analysis and Design 35 39 30 34 34.5

Program Coding and 17 14
Checking 20 20 18

Checkout and Test 48 47 50 46 47.5

*The data on SAGE (Semi-Automatic Ground Environment) refer only to early

models and not to model changes that logically might reflect costs in
different proportions than are characteristic of new systems. The ProjectCSETE (Secretariat for Electronic Test Equipment, New York University) values
are averages derived from data on tvelve systems produced in support of
automatic test equipment for missile and other projects. The NTDS data do
not include information on preliminary design and operational system analyses.

*A Survey of Programming Asects of "Computer-Controlled" Automatic Test
~uipment. Volumes 1 and 2, SETE 210/75, New York University, New York,

June, 19.

***J. P. Haverty, Programming Language Selection for Command and Control

Application, Symposium Address, Symposium on Computer Programming for
Military Systems, The Hague, The Netherlands, September, 1964.

G***., G. Chapin and P. A. Hensel, Programming for the Naval Tactical Data

St Symposium Address, Symposium on Computer Programming for Military
, The Hague, The Netherlands, September, 1964.

S@
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The analysis and design work for information processing systems involves
many tasks and is frequently underestimated, undercosted, and inade-
quately performed. Because the later work in the process is more
susceptible to measurement and can be estimated more easily, the
analysis and design work may be estimated as a percentage of the
coding and checkout costs using data such as those in the Table.

Coding and checkout productivity are usually estimated at 250 to 300
machine instructions per man month estimated from the start of coding
to the completion of the Project (i.e., approximately 60 percent of
costs). Utility and support programming fall at the upper end of
this productivity range, and complex, tightly integrated systems at
the lower end.

Conversion and reprogramming Projects should enjoy a much higher
productivity rate, if there is adequate documentation and there are
no major changes. If no major redesign of the program or system is
necessary, savings are possible because most of the analytic work
is eliminated. Although coding is reduced somewhat, checkout and
turnover will run about the same as an original development. Savings
will also be realized if the same test designs and test data can be
used for the converted programs as were used originally.

Program modification, notably of large systems, is frequently under-
costed. Coding a small change is usually trivial--a few minutes'
work--but thoroughly investigating the impact of the change on many
interrelated programs and operations may take days. Also, updating
the coding is often less costly than updating the documentation of
the program. As changes become larger, the proportionate costs of
coding and checkout gradually rise toward the relative costs that
hold for original programming. The cost of testing small changes
to a large system, to be sure that the change has been made correctly
and has not adversely affected any other item, is sometimes very
large in comparison to the other costs of change.

3. Elapsed Time

In estimating the amount of time that a Project will take, people
are often quite good at estimating the time for their own jobs, but
are very poor at estimating how long others will take. This is partic-
ularly true when estimates are made of time to be used by non-Project
members. For example, the times needed by higher level managers
or the user to review documetits are usually underestimated. Some
typical examples of work that must be done by non-Project members are:

. Product inspections and reviews (e.g., reviews of documents).

. Editorial and technical reviews of documents prior to publication.
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"• Decisions or choices between alternative modes of procedure.

"* Decisions about or approval of a product or procedure (e.g.,

concurrence on a document).

"* Coordination and concurrence procedures.

"• Evaluation of proposals (e.g., processing a change proposal).

". Establishing contact and making arrangements to meet and discuss.

At NAVCOSSACT, estimates based on experience show a minimum of 14
weeks elapsed time for processing such as obtaining documentation
concurrence, security clearances for people and information, and
approval for a particular design. Most of these periods may be
predicted, once experience data for average turnaround time are
obtained. Although the accuracy of an estimate for individual reviews
may be poor, the collection of such estimates will usually contain
some over- and underestimates th-t will cancel one another. Since
the number of lengthy reviews is usually greater than the number of
unexpectedly quick responses, overestimating the individual periods
will pay off in a more accurate total Project schedule.

C Some typical times for various non-Project activities estimated by

NAVCOSSACT personnel are shown in Table II. Chart IX shows the

breakdown of elapsed times for letting contracts with some comparison
of these for sole source and solicited bid contracts. Project members
tend to view these periods as delays. This is not true, of course,
but even so, any periods of time that involve transit and wait may
be shortened.

C. RESEARCH IN ESTIMATION OF PROGRAMMING COSTS

Under an Air Force Electronic Systems Division contract, SDC recently
completed the first part of an exploratory study of computer programming
cost factors.* Aimed at developing cost estimating equations or

relationships, the analysis included use of various statistical techniques
such as correlation analysis, multivariate regression analysis, and
factor analysis.

*TM-144 7/O01/OO, Factors that Affect the Cost of Computer Programming:
A Quantitative Analysis. It. Farr and H. J. Zagorski, 31 August 1964.
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Product Review or Activity

Project Request Rating of Project, e.g., preliminary user contact 1-2 weeks

Planning Estimate Establish contact with user 1-2 weeks

Planning Estimate Approve draft in-house and non-in-house organizations 3-12 weeks

Project Development Approve in-house document 2-4 weeks
Plans

Manning Acquire and assign personnel 4-8 weeks

Security Clearance Clear new people 6-12 weeks

Security Clearance Establish right-to-know and need-to-know to obtain 1-6 weeks
information from user and others in researching this
and other related systems

Contract-letting Process See Chart IX

Preliminary Functional Obtain document draft including typing and 1-4 weeks
Descrip.ion duplication

Preliminary Functional Approve in-house document 3-7 weeks
Description

Preliminary Functional Approve document by users 6-14 weeks
Description

Above Activities apply to both Feasibillty Studies and Programming Projects. Those below apply only to
Programing Projects.

Computer Time Maintain equipment and facilit' 4 3 weeks/year

Change Request Process change request (avers ,e: 5 changes per project) I week

Project Manual Obtain draft document including typing and 1-4 weeks
duplication

Project Manual Approve in-house document 2-6 weeks

Turnover Plan Obtain draft document including typing and 2-3 days
duplication

Turnover Plan Approve document in-house and by non-HAV•OSSACT 2-8 weeks
organisat ions

Statement of Project Obtain final acceptance 2-12 weeks
Completion

iN=: buW of these activities an or can be pursued concurrently with other tasks. Therei'ore, the
time indicated do not add linearly in any schedule but help a Project leader to schedule dependont
events such as beginning a new task.

Table II. Tim Etimates ain Othe Activities at NAVOSSACT
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Chart U.* Contract-Letting Processes and Delays

SOLICITED BIDS SOLE SOURCE

[ SUMMATION [SUMMATION
LST4A OKPREPARATION CIF SYNOPSIS LESS THAN lOOKJ

19 - 32 WEEKS I F_____14 - 25 WEEKS

SUBMISSION OF CAPABILITIES

BY INTERESTED FIRMS

*2 - 3 WEEKS

PREPARATION A M- NG PROCUREMENT REQUISITION EVALUATION OF SOGLE

SOLICITATIONS TO C 1H' qACTOR TO CONTRACTOR AGENCY BII' SOURCE PROPOSAL SUBMISSION

2 - 4 WEEKSI aWEKI-3WES

( PROPOSAL PREPARATION BY
SOLICITATED FIRMSMOETALSSHN

2 - 3 WEEKS 0KIO

EVALUATION OF EOITO EOITO
PROPOSALSAPRVLPROL

2 - 3 WEEKS3- WEKI-2WES

MORE THAN LESS THAN
IOOK ZOOz

OBTAINING OBTAINING
CONTRACT NEGOTIATIONS

NEGOTIATION NEGOTIATION
SY CONTRACTING OFF.

APPROVAL APPROVAL
2 - 3 WEEKS

3 - 6WEEKS I - 2WEEKS ____________

NOTIFICATION OF AWARD

PREP. 8, FWD. CONTRACT

NSZ 
1 2 - 4 WEEKS

NEGOTIATIONS SY

CONTRACTING OFFICER

2 - 3 WEEKS

NOTIFICATION OF AWARD

PREP. A FWD. CONTRACT.

2 - 4 WEEKS



10 My 1965 62 -2314/000/00

Although the statistical techniques yield meaniaigfui estimating relation-
ships, the equations that emerged from the first phase have large confidence
limits. That is, the statistical confidence with which one can use these
equations is quite low. Work is proceeding to improve the equations;
therefore, they are presented here, not as tested, .ell-proven tools,
but simply as experimental aids to be used in conjunction with judgment
and experience.

Data on over a dozen cost variables and almost a hundred predictor
variables were collected on twenty-seven programs and subjected to
statistical analysis. Below is a summary of four of the resulting
equations and some cost data for man months and computer hours presented
graphically. Figures I and II plot man months and computer hours against
program size in terms of the number of delivered instructions. Figure III
plots computer hours against months and reveals a fairly high correlation
between these two cost variables. The variable, man months, represents
the cost of designing, coding, testing, and documenting the program. The
scope of work is about the same as that included in the following NAVCOSSACT
Phases:

. System Design (Program System Design Task only)

. Program Development

. Program Coding

. Program Checkout

* User Documentation

1. Man Months for Design, Code and Test
Y= 28x2 + 8 .u3 + 4 - 17X5 + lOX6 + xy - 188

Standard error of estimate* = 70 man months

Range of costs in sample = 20-900 man months

*The standard error of estimate is a measure of expected deviation of estimated
data from actual data. Two thirds GIf actual costs 6hould fall within one stand-
ard error of' tneir predicted values. Since this measure tends to be constant
throughout the cost estimation range, the relative percent of error to total
cost will decrease as one proceeds from small programs to large programs. Thus,
the larger programs are able to tolerate the estimating error much more readily
than smaller programs.
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Variables

I. Number of man months for program design, code, and test

2 Number of machine language instructions in delivered program
(in thousands)

3 Number of man miles for travel (in thousands)

4 Number of document types delivered to the customer

5 System programmer* experience index

6 Number of display consoles

7 Percent instructions new to this program (not reused from
previous versions)

2. Months Elapsed T'ime

Y = 2.5y 2 - .14Y 3 + .#:1X 4 + .3X5 + 7.0

Standard error of estimate = 4.8 months

Range of elapsed times in sample = 5-56 months

Variables

1 Number of months of elapsed time for program design, code
and test

2 Number of words in tables and constants

3 Number of words in core storage

4 Percentage of decision-making instructions

5 Number of document types delivered to the customer

*System programmer. As the most senior of four classes, he contributes to
the formulation, planning, design, and development of computer program
systems; experience index for the system programmer is the sum of the
average number of years of experience with the specific computer-type,( application, and language.



3. 2Muut~er Hours

YI = 21"5X 2 + 95X3 + 19TX4 - 3466

Standard error of estimate = 905 hours

Range of hours in sample = 130-9000 hours

Variables

1 Number of computer hours

2 Number of machine language instructions in original estimate

3 Complexity rating (scale 1 to 5--subjective from simple to
highly complex)

4 Number of words in data base

4. Delivered Machine language Instructions

YI = 2.6X2 + 1.2X3 + 5.6X4 - 13.9

Standard error of estimate = 25.7 instructions (thousands) -.

Range of program sizes in sample = 8-300 instructions (thousands)

Variables

1 Number of machine language instructions in delivered program
(in thousands)

2 Number of input messages

3 Number of subprograms

14 Number of words in tables and constants

:iN
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V. SYSTEM ANALYSIS AND DESIGW

The process of determining the requirements for the program system and planning
a set of programs capable of fulfilling them is divided into two Phases--System
Analysis and System Design. The first Phase consists of investigating the
particular information processing task that is to be adapted to automatic data
processing methods; the second consists of attempts to devise a satisfactory
solution to the data processing requirements involved.

System analysis and design is a complex process and, for a large system, can
be broken down into many fine tasks and phases; in the case of a small or
simple information processing task, it may be considered only a single step
in the production of the program. The tasks of analysis and design that are
largely intangible such as "study," "investigate," and "coordinate" may be
made more tangible by requiring specific documents to record the thoughts and
actions of the system analysts and designers.

A. OBJCTIVES

Generally, the mission of the analyzing and synthesizing process is to
devise the most effective and efficient organization of program functions
and elements possible within the constraints of available manpower, funds,
and time, to perform the required data processing functions. In the case
of foasibility studies, the goals of the work are more limited and involve
accurate definition of the information problem and assessment of the
possibility of solving it with ADP.

In the System Analysis and Design phases, system analysts and senior
prograimers:

. Define in detail the information processing problem indicated in the
Project Request.

. Devise one or more ways to perform the required functions.

0 Evaluate these alternate designs to select the most effective and
efficient solution.

0 Detail the design of the program syst m specified by this solution.

$
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B. TKSKS

For System Analysis, the tasks are:

1. Plan the Project

2. Analyze system requirements

3. Analyze Ghe user's environment

4. Analyze computer program production requirements

5. Analyze similar and interfacing systems

6. Evaluate contract proposals

7. Analyze requests for system change

For System Design, the tasks are:

1. Design the total system

2. Design the computer program system

3. Outline the Preliminary Punctional Description

4. Produce the Preliminary Functional Description

5. Familiarize the user with the system design

6. Obtain concurrence on the Preliminary Functional Description

7. Indoctrinate production personnel

Although these tasks apply generally to all Projects, their intensity,
i.e., the amount and/or quality of work needed, may vary among Projects.
For example, to transfer an ADP capability that exists on one machine to
another machine requires little analysis because the Project already has
a "proven" program system design. Also, the Project can benefit from the
earlier documentation (e.g., Project Estimate, Project Development Plan,
and Preliminary Functional Description), the experience of personnel, the
records of problems and their solutions, and the actual costs and schedules
of the original Project. However, conversions and revisions of old programs
invariably include some new analysis and programing. It is dangerous,
then, for Project personnel to neglect these functions by assuming that
adequate analysis and documentation has been done. Attempts to use poorly
maintained documents, or subtle differences between an old and new system,
sometimes lead to more costly design work than designing a new system.
Therefore, the Project Leader, even in this case, must consider, in planning,
all of the analysis and design tasks, and should expect to perform all of
them in at least a rudimentary way.

II
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Further, although in a small project analysis and design may be combined

into a single task and done by one person, the Project Leader should rec-

ognize that the tasks are distinct in terms of time ana effort. Some

benefits accrue from combination but may be negated by failure to

recognize individual task responsibility.

C. COMJICATION, COORDINATION, AND CONTROL

The analyst collects information from:

• Tie Project Request.

* Descriptions of the proposed and existing systems.

• Descriptions of proposed hardware.

. Descriptions of available program production tools.

• Documents stating the mission and requirements of the system.

* Conferences and briefings.

• Interviews with user and other personnel.

* Feasibility study reports.

( . Descriptions of interfacing systems.

* Documents describing the user's mission, responsibilities, and

organization.

• Observations of the existing systems.

Files of previous projects.

• Interviews with expert consultants and other Project leaders.

Simulation studies.

Technical literature and professional meetings.

Analytic and feasibility studies of his own.

" Progress reports, trip reports, minutes of meetings, and similar

administrative documents.

"Correspondence files.

The analyst communicates and provides coordination through:

" Personal contact with users, programmers, Project Leaders of other

projects, and other developers.

• Conferences and briefings.

" Circulation of documents for review.
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* Concurrence meetings

* Dissemination of trip reports, minutes of meetings, reports of studies,
and confirmatory (feeduack) letters and reports following contact. and
inI~.&L-iews.

* Progress reports and other documentation.

Control is established by:

"* Schedules and budgets

"* Project monitoring and program reporting

"* Concurrence procedures

". Design change procedures

"* Documentation procedures

". Coordization procedures

". Product lists and product status reports

"* Planning documents

"* Review procedures

"* Procedures for the verification of information

The analysis and design phases require communication because the personnel
collect and generate information, and coordinate information among the
programmer personnel, custcmer, and other developmental agencies. Most
analysis work is recorded in documents whose contents must be coordinated
and concurred with the customer and, sometimes, with other developers.

The anal)rsis phase needs control mechanisms to (1) assure completeness
and accuracy of information, (2) ensure complete coordination, (3) obtain
decisions and concurrence, and (4) control change proposals, including
their evaluation and implementation.

D. SUPERVISION

During the System Analysis and System Design Phases, this intense need
for communication and coordination dictates the Project Leader's respons-
ibilities. Re and his subordinate. supervisors must monitor the tasks,
evaluate their products, coordinate activities, and resolve technical
and administrative difficulties.

The Project Leader must make all important technical decisions. Li a
small Project, he himself must do the planning, set schedules and dead-
lines, keep abreast of progress, and evaluate all of the analyses and
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designs produced. On a larger Project, although he may delegate much of
the planning and product review to other senior team members, he remains
responsible for the final review and the technical quality of the final
products.

One of the most important and time-consuming tasks of the Project Leader
is the external coordination of analysis and design plans. He represents
the Project in contacts with user personnel, such as briefings, information
gathering, and user review and concurrence on Project plans and designs.
He also represents the Project to his management by presenting briefings,
coordinating plans, and obtaining design approval. The Project Leader
must deal with the computer and duplication facilities and other service
organizations to arrange for computer time, duplicating and illustrating
services, EAM work, and other support. Project success also depends upon
other coordination activities, e.g., arranging for conferences and trips,
getting reviews of plans and designs, and in obtaining decisions and
concurrence.

Administrative matters may be a time-consuming chore for the Prolect
Leader, but good secretarial support can ease this burden. The Project
Leader (or, on a large Project, a delegate) must review, approve, and
expedite requests for trips, conferences, clearances, and information to

( be sure these aa'e necessary and accomplished quickly and effectively,
The Project Leader is also responsible for work assignments, time reports,
progress reports, performance evaluations, salary reviews, and other
administrati," details,

Responsible for the efficient operation of his team, the Project Leader
not only makes plans, but sees that the work indicated is done on schedule.
Two particularly difficult tasks are (1) to see that the analysis and
design documents are completed on schedule and are accurate and complete
and (2) to handle changes to design and the plan and to document the
resulting changes in a timely way.

E. COST FACTORS

For small projects, the Project Leader will need only a few skilled
analysts to do the work in the Analysis Phase. Since analysis is the
first Phase, there is little tine to train persons for the job. However,
it is not always possible to get all experienced people, especially on
larger projects, and less-qualified persons may have to be employed. In
this case, their need to gain experience and learn may inflate costs or
reduce quality.

For the analysis and design effort, availability of information is perhaps
the key cost factor. Clear and complete statements of objectives and
functions are usually rot available and are not provided with all associated
information. For example, an anal.•;-;i might analyze and design an input or
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output format in half a day, given the appropriate information. However,
without the information, he may need days or even weeks to locate and
actually obtain the information. For example, the analyst may have to
arrange mutually sat.sfactory conference dates and places, possibly get
security clearances, and plan his travel. These support activities
require a great deal of the analyst's time--particularly in a large
effort in which dozens or even hundreds of questions requiring such
efforts may arise.

Further, much of system analysis and design work is creative--that is, the
information required does not exiat but must be generated, e.g., the model
of inform, ion processing that is needed to design a system. It is extremely
difficult to estimate this "cost of innovation." One way is to estimate the
amount of new programming and new applications that are in a Project, and
find past Projects of a similar nature and study their "innovation" costs.

Incidentally, two major reasons for reviewing old Projects are to avoid
"reinventing" and its associated costs and to help the analyst determine
the feasibility of an approach. Innovation, or "pioneering," makes mean-
ingful comparison with completed Projefts difficult and minimizes the
opportuni.ty to learn from experience. 'z" ' reason, the cost of doing
something for the first time is usually much greater than for subsequent
attempts.

Costs of changes made during analysis are less than for those made during
any other phase of the program development process. Less work is scrapped,
there are fewer elements affected, there are fewer documents to change,
and there is much less detail to consider in evaluating a proposed change.
Further, if a good job of forecasting is done in analysis, to determine
the evolution of the system, fewer costly changes will have to be made.
That is, one characteristic of good design is that it can anticipate and
accommodate many changes easily.

F. TRE CHECK SHEET.IS

The Check Sheets are organized into a standard format as shown in the
following diagram.

III

.7'
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Task Name Task Description

Inputs Subtasks Outputs Costs

Environment
Interactions and Resources nd
Dependencies Working Conditions

Included are the task name and a general description of the task to be
performed. The Inputs are redundanw in that they indicate both types of
information and specific documents containing Jt, that should be available
to perform the task. The task Is further detailed in terms of subtasks
comprising the task. The Outputs or products of the task are, again,3 redundant, since they are also information or documents that are necessary
inputs to succeeding tasks.

Under Costs are factors that should be considered in estimating the cost
of performing the particular task. A costing formula or rule of %humb
may also be included.

The lover portion of the sheet lists environmental factors, divided into
two parts: interactions and dependdrncies on other personnel and tasks
that may cause delays; and some statements about the nature of resources
required and the difficulty of obtaining them are included to indicate
the degree of difficulty in performing this task.
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"SYSTEM ANALYSIS TASK 1
PLAN THE PROJECT

INPUI. SUBTAKS
Information 1. Evaluate available information to determine how much more

Information must be collectel and the probable resource
User's requirements required to collect and analyze it, and make a gross esti-

mate of system size and implementation costs.
User's environment 2. Collect Information from the user and other sources about

the proposed and existing sysLems and their environments,l• System requirements equipment configurations, and modes of operations, and
System environment about system production requirements.

3. From an analysis of the information gathered, produce and
Production requirements evaluate a preliminary mrwAl of the -;-rasional system to

determine more precisely system size and difficulty and to
Produrtinr. envirotnAst evaluate the equipment configuration and usage.

4. Determine Project costs and schedules by preliminary
analysis of the system; layout a preliminary program system

Documents design in terms of overall functional blocks, and compare
the proposed system to similar existing systems. Review all

check sheets and complete the Project Sumary Shoet.
5. To assess in detail the work to be done, examine each pro-

Pro,4ect Request gram to be produced to establish program flows, functions,
inputs and outputs, and testing requirements, and estimate

Existing system description the man months, computer hours, and elapsed time necessary
to produce and test the programs. Complete the Program

Reports of feasibility studies Planning Sheet.
Preliminary requirements analysis 6. Prepare detailed schedules for the overall Project and for

the tasks and components of the system. (See Sections III
Orga~tnation charts and IV of the Planning Guide for more detailed discussions

of schedule considerations.)
Work reports (trip reports, minutes of 7. Integrate costs, schedules, and other plans by reviewing
meetings, feedback letters on conferences them among the Project members and with other Project
and telephone conversations) Leaders.

Comparative doc.msnts (case histories, B. Document these plane for the implementatlon of the program
planning and estimating documents from system and obtain the concurrence of management and of theother prolects, cost studies and reports) customer. Coordination and concurrence on the Project Im-

plementation Plan should be concurrent with the coordination
and concurrence on the Preliminary Functional Description
(see System Design Task 6).

Publish the Project Implementation Plan.

:: ENVIRONMENT
•. Interface@ and !)@endencles

Requesting agency, system user, other developers, knowledgable Project Leaders, and Contract Administration.
Timely delivery of Informtion.
Dependent upon prelIinalry analylis (see System Analysis Tasks 2, 3 and 4) for completion.
Processing delays In contract adainistration.
Failure to respond to requests for additional information.
Delay in the decision to contract.
Delays in security clearance and contract arrangements.
Delay In review, evaluation, and approval of costing estimates.k|
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DESCRIPTION

Study the system requirements and estimate the need for manpower, computer time, elapsed time, and other

resources. Prepare the Planning Estimates, Project Development Plan and Project Implementation Plan.

OUTPUTS8 COSTS

Information 1. Adequacy of information received.

Elapsed time estimates 2. Availability of proficient ADP analysts.

Manpoweer estimates 3. Accessibility of information sources and
additional Information.

Computer time estimates
14. Degree of innovation and familiarity of system

& Estimates of number of instructions and programs costed.

Estimates of complexity, Innovations, and difficulty 5. Delqys experienced in getting information
and decisions.

Tentative schedules
6. Size and complexity of system analyzed

and costed.

Documents

Planning Estimate

Project Development Plan.

Project Summry Sheets

Computer Program Planning Sheets

Schedules

* Reports of concurrence

Resomares and Working Conditions

Very small group, easy comasnications, few trips.

"Ijaliied ADP analysts.
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SYSTEM ANALYSIS TASK 2

ANALYZE SYSTEM REQUIREMENTS

INPUTS SUBTASKS

Information 1. Assist user in stating functional requirements.

(See System Analysis Took L) 2. Dote ne data bae" manipulation requiremsnts.

3. Determine support system requirements.

Documents 4. Determine requirements for program opsrating time for
support and day-to-dity operation.

Project Request
5. Study cost effectiveness and feasibility for critical

Ixisting systema description equipment, including, if necessary, computer facility.

Associated and referenced documents 6. Study the user's present system by observations# inter-
views, and study ot available documentation.

RAVCOSSAOI' documents an past systems
7. Discuss ambiguities and problem areas with user

Allied projects of other agencies personnel.

8. Identify special documentation, phase-over, and/or
training need. and problem.

9. Coordinate with other analysis tasks such as "analyse

simlla- systems," "analyse the user's environment"
(System Analysis Tasks 3, 5).

0.Documnt the results of the &abov subtasks.

U. Review requirements with project personnel and revise

as needed.

leer on system neqirements.

Other analysts on associated svstes studies, envirommatal analysis, prouction requirements.

leadrer end other evaluation and review personnel.

lJJy dellyary Of complete user requiremete.

Ined ftoten Analysis 1sko 3 and 5 for Information.

po tial dea mrequirements rovie.

Ii
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DESCRIPTION Determine the operational requirements of the system and evaluate their completeness, feasibility,

and compatibility with other systems by studying the Project Request and Its references and by contact and

coordination with user personnel.

OUTPUTS COSTS

Information 1. Accessibility of user personnel and
information.

Fuznctional requirements
2. Number of trips required to collect data.

Data base manipulation requirements
3. Number of Interviews, conferences, and

Requirements for system support, production support meetings.

Modifications to Planning Estimates i.Number of documents to read and analyze.

Moidifications to P~roject Development Plan 5. Number and complexity of functions in the
system.

6. Nlumber of pages of documentation needed.

T. Number of information sources to he
contacted.

8. Number of innovations and changes to be
analyzed and evaluated for feasibility.

9. Size and complexity of the system.

Small group, easy communications.

Extensive travel, may conferences, many reports.
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SYSTEM ANALYSIS TASK 3

ANALYZE THE USER'S ENVIRONMENT

INPUTS SUBTASKS

Information 1. Gain familiearity with the umer's environment, organi-
zation, starr, and operating procedures by reading

Descriptions of the user's mission, pertinent documentation, conferring with user personnel,
organization, responsibilities, and and visiting user InstaLlations.
projected activities

2. Write a glssary of user's technical terminology.
Customs and rulesj procedures for
contacting user and industrial per- 3. Determine the organizational elements that will use,
sonnel and for gaining access to operate, and be affected by the proposed system.
establishments and information

4. Determine the P\nctional and organizational areas,
Terminology of the user present or planned, that will require changes in

data processing.

5. Identify and analyze areas needing improvement
Documents in the user's present system.

(See System Analysis Tasks I and 2) 6. Document results of data gathering and analysis.

Organization Charts 7. Coordinate results of the analysis vith other per-
sonnel engaged In analysis.

Responsibility Charts

Job Descriptions

Standard Operating Procedures

&B

Users, Iflst4Ulation operations personnel, coordination personnel, and other analysts.

teeds into syste. Analysis asks 1 and 2.

ysed for user to resolve proposed or required changes In organizational structure.

I Need to establish the "right and need to know," I.e., In clearing visits to Installations and for data
dissemination.
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DESCRIPTION Study the user's enviromnent and operations, to determine how the system and equipment will be

employed, where the operation vill be based (ship or shore) and what the responsibilities of the user are,

especially to other Naval operations; and to determine the effectiveness and deficiencies of existing data

processing operations that might be improved by the proposed system.

OUTPUTS COSTS

Information 1. Level of experience of user personnel in the
application of automatic data processing to

User's organization description his operations.

Responsibilities and mission or user 2. Degree of automation of current data pro-
cessing operations and/or degree of ongoing

Operat ng procedures analysis and control, application of methods
and procedures techniques, and documentation.

List of operational changes
3. Amount of travel to dispersed location,

List of operational deficiencies number and length of trips to be taken.

4. Number of Intervievs and conferences.

5. Availability of background Information such
as femiliarity of the user's operation and
accuracy and completeness of existing docu-
mentation.

6. Number of functions, installations, and

( operations to analyse.

ENVIRONMENT

Resources and Working Conditions

•Smll group, moms travel.

Operations that are vwdely dispersed or afloat may be difficult to visit.

Appropriate organization charts, charters, and job descriptions my not exist.

Discovering customa, protocol, and rules of paining access to Installations and Information Is often
difficult for an outsider.
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SYSTEM ANALYSIS TASK 4
ANALYZE COMPUTER PROGRAM PRODUCTION REQUIREMENTS

INPUTS SUBTASKS

Information 1. Determine average turnaround and availability of
effective time for the computer.

Descriptions of languages, compilers,
assemblers, utility systems, monitors, 2. Determine project priority during the production
test data generation, and recording period.
and reduction systems

3. Examine procedures, schedules, and backlog of EAM shop.
Descriptions of the computers, and other
equipment, its machine language and 4. Ascertain programming language or languages to be used.
command structure

5. Detect and evaluate difterences between computer operations
Reports on EAK computer and support for production (e.g., at NAVCOSSACT or contractor) and at
program usage experience and delivery the command center.
dates 6. Determine distance ad time separation between program-
Details of system to be produced (real- ming stafr and the test computer.
time, relocatable, task-oriented, cyclic
vs. stasked job, etc.) 7. Determine procedures for submitting programs for computer

run.
Computer operating procedures 8. Investigate utility and support program systems, including

print, compile, assembly, etc., to determine reliability,
Documents avallaLility, ease of use, and state of documentation.

Project Request 9. Investigate the monitor or executive system controlling
work on the computer, Including state of checkout,

System descriptions state of modification, and functional capabilities.

Project files 10. Determine actual and potential hardwre constraints
such as amounts and kinds of storgep, input/output

Manufacturer's equipment manual devices, displays, etc., that influence the design ofthe program system.

RAVOOSSACT Instruutions (policies and

procedures) on machine requests 11. Investigate potential back-up computers and conditions
of use.

12. Coordinate with other analysis cctivities.

13. Advis those producing Implementation Plan and planning
for the Indoctrination of Production Personnel (System
Design Task 7) on characteristics and limitations of
the computer and production tools.

ENVIRONMENT

User, on location al operation of proposed and existing equipment.

Computing operations, on operating procedures and ue experience.

Ssquismnt manufacturers, on equipment characteristics.

Boftwze producers, on support progra characteristics.

Dependent upon ftstom Aalsis• esk 2 and 3 for Votem Information.

Potential delay In contacting user and manufacturer *or visits and information gatbhring.
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f
DESCRIPTION Determine the requirements for program production and test, *the adequacy of available tools,

aud the tools required to produce the proposed system by studying the total environment for program

production, including computer operations, mxperience with the project computer and facility, the

projected availability of the machine, thf availability of back-up equipment, and amount and kind of

programming languages, operating systems, and other programaing support.

OUTPUTS COSTS

Information 1. Accessibility of user and manufacturing

personnel and equipment information.

Analyses of computer and programing tools 2. Number of trips needed to collect data.

Advice on planned use of computer and tools 3. Number of interviews, conferences, and meetings
required.

Advice on schedules and plans
4. Number of computers and supporting gear to be

lescriptions of proposed and available programming evaluated.
to.ls

5. Availability and adequacy of documentation on

Descriptions of computing operations procedures equipment and programming tools.

Changes necessary to adapt existing tools to 6. Availability of experienced utility programmers

Project requirements and analysts.

7(. Number of pages of documentation to be produced.

8. Costing Formula:

Senior programmer's time for analyss and
documention, estimate: 3 to 9 weeks.

ENVLRONMENT

Resources and Working Conditions

If n•w computer, precise amn current Information ou comuter.

S Praeie Information on computer operations procedures and efficiency.
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SYSTEM ANALYSIS TASK 5
ANALYZE SIMILAR AND INTERFACING SYSTEMS

INPUTS SUBTASKS
Informtion 1. Study Project files and reports, and the Catalog of
Similar systew in planning, production ADP Capabilities (NAVOOSSACT Report OO7) to identifyand use. similar systems and extract and evaluate useful facts.

Other applicable programs, procedures, 2. Interact with NAVCOSSACT departments, other agencies,toor, applcablerogrs, rorganizations, and industry to identify systems that
tools, and tec2hni-ues will interface with the projected system, and extract and

evaluate the peirtinent facts.
Documents 3. Identify applicable programs, procedures, techniques,

and tools by searching technical books and journals,Project iles sources such as the IBM Catalog and SHARE Library
listings.

Library files L f. Coordinate the results of the search with SystemPlanning documents and reports from Analysis Usk 2 personnel.
other projects

5. Isolate elements of the projected system, such asSubroutine libraries routines and data files, that may be available from
other 'rojects and systems.Prelim~inary system design documentationS6. 
Confirm results with command and development personnelProceedings of professional meetings who have had experience on similar systems; add to or
revise reu'lts, ant publish.

ENVIRONMENT

Interacttone and Doe.ndeecies

Personnel of other projects, users and developers of other systems, professional personnel and societies, and
contractor and intergovernmental agerwit,.

Delays in getting data on systems outside XAVCOSBACT (particularly on classified systems),

Delays in wstting clearance for acress to such data and access facilities of' such systems.
Library research often overruns budgets and schedules unless closely monitored.
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DESCRIPTION

Determine if there are systema, subsystems, procedures, tools, and techniques already In production or use,

or planned, that meay influence the current Project or provide useful Information for Project plans,

OUTPU7s COSTS

Information 1. Volume of files and l-iterature to be searched.

Pertinent facts on similar and itnterfacing systems, 2. Efficiency of information retrieval system.
and applicable tools, techniques, and procedures

3. Familiarity with the application involved.

14. Number of similar and Interfacing systems
Documents identified that must be studied and evaluated.

?eports documenting the above Information 5. Nuinbcr of briefings, conferences, and inter-
views to be conducted, both to retrieve and
to disseminate inforua4-ion.

6. Volume of documentation to be produced.

T. Costing Formula:

Estimate 2 to 10 man woke depending upon the( nature of the project.

( Some contact with outside personnel.

Trips and coft~reones.

Information about systems planned, In production, or In use--frequently vague, general and of limited useftulness.

Adequate and useful summaries of the professional literature seldom readily available.

Personal acquaintances, conferences, arA briefings are usually the boat sources of information._
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SYSTEM ANALYSIS TASK 6

EVALUATE CONTRACT PROPOSALS

INPUTS BUBTASIM

Information 1. Assist contracting agsnoy In preparing system
specifications.

System requirements
2. Assist contracting agency it establishing criteria

System environment for evaluating proposals.

Production tools 3. Assist in evaluating responses to the Request for
Proposals.

Interfacing and similar system
4. Analyze each contractor's concept for syste, design and

his plan and schedule for production.

Documents 5. Recomend contractor selection.

The Planning Estimate 6. Assist in the presentation of briefings on the system
to be developed.

Reports from Systeu Analysis Task&
2, 3, 4, and 5

Responses to Requests for Proposals

Directions for evaluating and grading

proposals

interactionls amd poedeunoew

Informationl from f~tem40 AnalYsis Msks 2, 3, ho and 5.

Contractinlg aeme peronhel.

potential eontractors.

ft mw 3
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DESCRIPTION

Assist contracting agency In specIfying the wiork to be done, In specifying criteria for evaluation of

proposals, and in evaluating the proposals that are submitted.

OUTPUTS COSTS

Information 1. Size of the planned system.

System specifications 2. Tpe of Request for Proposal (sole-source
or solicited).

Nvaluation criteria
3. Number of bidders, i.e., number of proposals

Briefings on the system to be developed to be evaluated.

Evaluation of proposals and relative scores 4. Costing formula:

Recommendations regarding contractor's approach See Chart estimates range from 8 to 48 man
to system implementation veeks, depending upon the conditions.

E•NVIRONMENTi

Ci

Fasoores and Working Conditions

lxprionco In th field of Informtion processing.1

( Detailed knovledge of user's requiremnts.

.perienoe in the evaluation of proposals.

Slov contract proposal and evuation process sometimes requires long lead times.

Pressure to reviev quickly because of t4aht schedules.
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SYSTEM ANALYSIS TASK 7
ANALYZE REQUESTS FOR SYSTEM CHANGE

INPUTS ISUBTASKS-
Information 1. Establish procedures for processing change requests,

including the identification ofvomay initiate, -.to
Details of proposed system must authorize their evaluation, who must ev'aluate,

with vhom suggested design solutions must be
Details of requested changes coordinated, and who has the final authority to

approve a change.

2. Evaluate design change requests as they occur on the
Documents basis of their design wsrit, importance to the user,

effect or* schedules, costs, etc.
?equests for design change

3. Coordinate the evaluation of design requests with
the system designers mad implementers.

J&. Notify the change requestor of the decision made
regarding the cheang.

Users, om CaMQPs in System requitr"nts.

Designers, on design Impronenst@.

Iupleuentars, on evaluations &AM suggested solutilons.

Difficulty In 4isooveiflg all the Implicatons of change Upon the system.

Design o~g is perhaps the greatest cause of slipped schedules after delays caused by deferred decisions.
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DESCRIPTION

Establish procedures for processing requests for change, and receive, evaluate, and respond

to requests for changes in system design.

OUTPUTS COSTS

Information 1. The size and extensiveness of the change
requested.

Evalatins f dsignchage equsts2. Relative point in the system development
Coordination of requested changes process at vhich the change is requested.

In general, the later in the process the
more the cost because of more vork icrapped,
more work to be done to bring the change

Documents up-to-date, and more difficulty In changing,
i.e., more decisions needed.

Change evaluations
3. The size and duration of the Project, how

Coordination memos to requestor much might be changed, how much time for
system environment to change, how much time

Design change authorizations for the user to have second thoughts, and
how much turnover among users.

Reports on formal disposition of requests
4. Costing Formula:

Changes to plans - Planning Estimate, Project Develop-
ment Plan, Program Implementation Plan Experience at NAVOCOSSACT indicates the number

of changes averages 4 or 5 for most projects,may range up to 15 for some.

Each change should be individually evaluated
and costed, i.e., work necessary, work
scrapped.

Gross estimates: 5-20% additional for costs..
10-15% for schedules.

S~ENVIRONMENT

Resources and Working Conditions

Up~erienced personnel to perform the required analyses, deesins, aud Imlementations.

Coordination task, little travel or outside contact necessary except on major changes.

Use of evaLation depends upon the accuracy and detail of documentation and general knowledge about the system.
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SYSTEM DESIGN TASK 1

DESIGN THE TOTAL SYSTEM

INPUTS SUBTASKS

Information 1. Interpret functional requiremants In terms or equipment,
manpower, input types and volume, required response

Requirements analysis timt and operating envfroinment.

Environmntal and operational analysis 2. Consider alternative ways to satisfy requirements for
the total system.

Similar and interfacing system
descriptions 3. Consider interactions among functions alternatively

designed.
Cost and schedul~e eatimatee

4. Establish criteria for expected performance based
upon objectives.

Documents 5. Select a preferred system organization.

Reports from System Analysis Tasks 6. Note problem areas, decisions required by the user or
2,, 3, and 5 other non-NAVOOSSACT agencies, and any features whose

design requires information not currently available.
Planning Estimate

T. Produce a system flow diagram.
Project Development Plan

8. Produce a system design document.
Schedules

9. Coordinate system design with KAVCOB8ACT and user
Budget@ personnel.

10. Revise and issue system design document.

Interactions and Dependencois

Prject and user persommel In the review and evaluation of system design.

Good design depends upon excellent Integration of the previous System Analysis tasks.

Potential delays in the review and evaluation of system design documentation.
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DESCRIPTION

Develop the total information processing system, and the system configuration that is expected to meet

requirements to operate in the user's environment, and produce a system floa chart and system design

document.

OUTPUTS COSTS

Information 1. Familiarity with system requirements and
operations and degree of innovation required

System design to handle them.

Evaluations of alternative designs 2. Amount of mew design needed. Usefulness of
existing designs.

3. Effectiveness with vhich earlier tasks are
Documents discharged.

System design document J4. Size and complexity of requirements.

System flow diagrams 5. Costing Formula:

Estimates range from I to 3 man months,
depending upon the conditions indicated
above and the delays experienced.

ENVIRONMENT

Plesources and Working Conditions

Complex, highly technical task.

Precision sod aoaursacy of information ruoloal to good design task.

Availability of appropriate solutions to data-processing tasks requiring innovation, are often costly.
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SYSTEM DESIGN TASK 2

DESIGN THE COMPUTER PROGRAM SYSTEM

INPUTS SUBTASKS

Informution 1. Identify input data characteristics and output
requirements8.

Total system design (see System Design

Task 1) 2. Design and specify the computations, lotical
manipulations, and transforiations to be done within

Similar and related systems discovered each functional area.
In reaearch (System Analysis Task 5)

3. Determine the number of programs to be used in
Computer environment (System Analysis performing the required functions.
Task 4)

4. Estimate the size of each program.

5. Diagram the flow of data and functions through the
Documents sequence of programs making up the data processing

system.
Total System DesignT 

6. Design the data base system.
System flow diagram

T. Develop procedures for system data editing, formatting,
Reports on similar systems storing, retrieving, and updating.

Reports on computer environment 8. Reflect requirements Imposed by Interfacing systems

(see System Analysis Task 5).

9. Produce program system design documentation.

10. Revise and coordinate a final version for inclusion
in the Preliminary Functional Description.

.!.• ENVIRONMENT

Interaction requires coordination of analysis personnel and Project Loader attention for design eva tion.

Dependent upon timely delivery and adequacy of program system requirements and the total system design.

potential delays in internal review of design work end timely decisions regarding design details.
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DESCRIPTION

Develop the design for the program system part of the total information processing system.

OUTPUTS COSTS

Information 1. System size and complexity.

Program system design 2. Degree of innovation and creativeness
required.

Data bse" design
3. Adequacy of program system requirements

and total system design.

Documents 4. Experience and skill of available program
analysts.

Program System Design

5. Costing Formula:
Program System Flow Diagrsam Estimated at 10% of the total Project
Data Base Design man months.

S

RBsources aW VWorkin Conditions

•.!•Creativity, knovledge, experience, and time of the senior programmers, program analys ts, and Project Leader.

Complex, hilhly creative task.

11cm office eaviroment, little travel unles major obacps out be Inclued.

F%

'II
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SYSTEM DESIGN TASK 3

OUTLINE THE PRELIMINARY FUNCTIONAL DESCRIPTION

INPUTS SUBTASKS

Information 1. Identify a lavel of technical detail for the
Preliminary Functional Description that vill

System design promote the user's understanding of the system.

Data design 2. Specify the content components of the Preli.inary
Functional Description such as:

Analysis of user's environment
Total System Design

Analysis of production requirements Program System Design
Implementat ion Plan
Operating Procedures
Data Base Design

Document Specification of Interface Resquirements

Drafts and final versions of documents 3. Identify the contributors of the components of the

on system and data base design Preliminary Functional Description.

4. Schedule the production of the document.

5. Coordinate production plans vith the contributors
to the document.

ENVIRONMENT

Interactions and Dependencies

All other project tasks that contribute to the Preliminary Functional Description.

Potential deley in the delivery of necessary information.

Potential delay in the coordination of the production plans.



1o May 1965 99 TM-2314/000/00

DESCRIPTION

Determine the level of technical detail required in the Preliminary Functional Description, develop

the outline of a document to satisfy these requirements, Identify those who will contribute to the

document, and prepare and coordinate plans for its production.

OUTPUTS COSTS

Information 1. Degree of detail required in the analysis
of the user's requirements and in the

Formats and contents of PFD specifications of the document's contents.

Production plans and schedules 2. Number of persons required to review the
outline and production plans.

Coordination of formats and plans
3. Costing Formula:

Two man days per page vf outline and
Documents schedule.

Specificatiorn for the Preliminary Functional
Description (outline)

Production Plans and Schedules for the
Preliminary Functional Description

ENVIRONMENT

Pesources and Working Conditions

Usually a staff' Job, editorial staff, or technical writing and editing support activity.

Technical writing and graphic arts desirable; editorial and secretarial support required.
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SYSTEM DESIGN TASK 4

PRODUCE THE PRELIMINARY FUNCTIONAL DESCRIPTION

INPUTS j$SUBTIA "
___ormaton 1, Wrt__,_ __-at of the total system, program system,
t --o o nd- systems files design activities, the component

System Design parts of the Preliminary Functional Description.

Deta Design 2. Expedite the production of the component parts of
•- the Preliminary Functional Description.

Plaris for the Preliminary Functional
Descriptigr-- 3. Edit the submitted inputs, as appropriate.

4. Write introduction and integrative chapters and
material.

Documents
5. Prepare drafts for internal and external coordination.

Drafts and final versions of documents
on system and data base design E. Coordinate and expedite internal reviev and concurrence.

Drafts of portions of the Preliminary 7. Prepare final coordination draft.
Functional Description

Specifications for the Preliminary
Functional Description
Schedules for production of the
Preliminary Functional Description

,, ENVIRONMENT

';:L. interactions and Deoendencie~s

All Project tasks involved in the production of the Preliminary Functional Description.

Duplication facilities; drarting and Illustration facilities.

Potential delay inherent in the coordination of the vork of many separate activities producing the separate components.

Potential delay in tbe review and coordination of the draft copies.
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DESCRIPTION

Produce and coordinate a document that describes in detail the system to be developed and the

environnt vithir uhich it is to operate.

oTIrrPUS CO6TS

Information 1. Number of papes of documntation to produce.

": Descriptions of the system to be daloped 2. Number of illustrations to design and produce.

Internal co .rInation and concurrence oa the 3. Number of separate parts to integrate ard
Preliminary runctionsl Description explain.

Ii. Number of drafts produced.

Documents 5. Productivity rates of those vho write, type,
review, coordinate, modify, edit, illustrate,

Drafts of the Preliminnry Functional Description reproduce, assemble, bind, and distributeSfor internal reviev the document.

Final coordination draft of the Preliminary 6. Number of revievers.
Functional Description

7. Costing Formula:

Ignoring reproduction and review costs,
tv man days per page of documentation.

NM'1: The bulk of the writing and revision
costs are included iv the costs of other
system analysis and system design tasks.

ENMiRONMENT

jlasources and Working Conditions

Technical vriting and coordination task.

- ilquires editorial and duplicating support.

fWritlng skill required. Iditorial and graphic arts support is desirable; secretarial sad duplicating
support required.
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SYSTEM DESIGN TASK 5

FAMILIARIZE THE USER WITH THE SYSTEM DESIGN

INPUTS SUBTASKS

Information 1. Transmit draft and final system design documents to
user and other agencies involved.

System requirements
2. Promote user understanding of design via meetings,

System environment phone calls, letters, and presentations.

System design 3. Confirm the interpretation of user needs and the
adequacy of the plans for meeting them.

4~. Promote understanding of interfaces vith non-user
Documents agencies.

All system analysis and system design 5. Identify and promote understanding of data collection
documentation called out in the design.

6. Obtain and evaluate feedback.

T. Cuordinate results with the program system design and

revise designs accordingly.

Ineations n se~dnis

* All other analysis and design activities.

User and allied agencies.

Dependent upon exasileofe of ant lyses and design and their timely cooletion.

Potential delAys in making arrangements for briefings and In getting feedback.
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DESCRIPTION

Inform the user and other interested agenelea, at both working and comand levels, of the system design

and Its expected operation.

OUTPUTS COSTS

Information 1. Number of contacts, briefings, and
conferences.

User understanding of the evolving system deaei
2. Number of agencies requiring coordination.

Interacting agencies' understanding of data
collection and other interactions with the system 3. Sophistication (knovledge and experience

level) of user and other agencies in ADP
Feedback on the adequacy of interpretations and applications tc their operations.
designs

i&. Size and complexity of system.
Design changes

5. Adequacy of analysis and design work.
Coordination of Project plans

6. Number and length of trips taken.

7. Costing Formula:
Documents

Three man days per design document per
Briefings agency contacted, plus allowances in elapsed

Display material time for travel.

Feedback reports

Change Requests

Hesources and Working Conditions

f F

!~quires detailed knowledge of total system.

SGocod public sipeareace and ability to relate to others.

* C

An ability to commnicate clearly and concisely about comlex technilcal subjects.

Navy contacts with users-conferences and briefings.4. l. ul "o ' t.led no *<tJe *" totaV 8,. -u
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SYSTEM DESIGN TASK 6

OBTAIN CONCURRENCE ON THE PRELIMINARY FUNCTIONAL DESCRIPTION

INPUTS SUBTASKS

Information 1. To insure understanding, discuss the provisions of
the draft Preliminary Functitonal Description with

System requirements appropriate user personnel.

System design 2. Make presentations and briefings, and hold conferences
as necessary to Insure thorough understanding to

Functional descriptions resolve difficulties and differences.

3. Coordinate the changes required to resolve ambiguities
and correct misunderstandings.

Documnts
14. Obtain the user's concurrence and approval of the

Drafts and final version of the provisions of the Preliminary Functionai Deb~ription.
Preliminary Functional Description

5. Publish and distribute Preliminary Functional
Description.

6. Document system description for incorporation in
official NAVCOSSACIT documentation.

Interactions and ZMpdencies

Project Leader interacts with user personnel to obtain concurrence.
Project memers say intoerct with user to explain the details of design vithin their particular areas of

t responsibility and to assist in the evaluation of recomendations for modifications. (
Potential delay In obtaining review and con~currence.

Dependenc on the clarity and azoe~leaoe of the analsis and design.
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DESCRIPTION

Present draft Preliminary Fuanctional Description to the user, discuss its contents vith him to insure under-

standing, coordinate the changes necessary to resolve ambiguities, and obtain his *-oncurrence on the details

of the system.

OUTPUTS COSTS

Information 1. Adequacy of prior indoctrination and liaison
(See System Design Task 5).

Briefings, conferences, and presentations
2. Degree of participation of user in the system

Changes and corrections t. Preliminary Functional analysis and design procedure.
Description

3. Technical and editorial excellence of the
Concurrence on PFD Preliminary Functional Description.

4. Size and complexity of the system as reflected
in the amount of documentation and information

Documents that must be considered in the review and
concurrence process.

Fre i•ninary Functional Descripticn
5. Data processing experience of the user as

Notification of user's approval of the system reflected in the amount of indoctrination
that must be done and the number of mis-

Memoranda on changes and corrections understandings that must be cleared.

9Memoranda recording the resuls of briefings 6. Remoteness of user, difficulties in com-
U and conferences munication and contact.

R •'System Description

S~ENVIRONMENT

Resources and Working Conditions

Principally, experience and skill or Project Leader in personal contact and in presenting the details
of the design.

Mauw4tmnt and coordination task.

V, y conferences, perso~l contacts.

t-
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SYSTEM DESIGN TASK 7

INDO' 0TRINATE PRODUCTION PERSONNEL

INPUTS SUBTASKS

Information 1. Arrang for programer training in the use of the
computer, the computing facility, the program•ing

Knowledge of the computer programming language, and the compiler, as needed.
tools, operating procedures, operating
system, etc. 2. Train the programmrs, as above.

Program system design 3. Indoctrinate the programing personnel in the use of

Data base design the system data files.

14. Indoctrinate the programing (and other) personnel
Formal NAVCOSSACT programming courses in the design of the system and the particular functions

for which they are to be responsible.

5. Indoctrinate production personnel In design control
Documents and review procedures.

Programmer manuals 6. Indoctrinate contractor personnel in NAVCOSSACT

System design documents environment.

Program design documents

Data base documents

Computer manuals

Operating procedures

Interactions and DependenciesENVIONMENT

Computing facility, on setting up curricula and arranging for computer usage for training.

Equipment mnufacturer*, on course material.

Utility progrsrs, for material and lectures.

Other auslysis activities for Information on the system and program.

Potential delays In obtaining details about computer, operating procedures, or programing language, or In
producing teaching materials pertinent to these.

Dependency upon the timely delivery of system documentation.Ii
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DESCRIPTION

Train programmrs in the use of the computer and production tools and indoctrinate them in the

design and details of the programs to be produced.

OUTPUTS COSTS

Information 1. Experience level of production personnel.

Understanding of the nature of the programing 2. Relative familiarity of the computer and
job and the tools to be used in producing the programming language.
programs

3. Availability of computer time for training.
lectures and practicun

4. Number of lectures and practicum scheduled.

5. Changes in system, equipment, or tools design.
Documents

6. Costing Formula:
Training plans and schedules (curricula)

Without handover (i.e., analysts also
Manuals do the programming), training costs

minimal, but hidden.

With handover (i.e., new Project members
do the coding), estimate one month minimalCf zormal training time per programmer.

On-the-job training costs not included.

ENVIRONMENT

Resources and Working Conditions

Coordination, teaching activities, staft' vork.

ii ( _Experience level of lecturers on computer and programing tools should be high.

Good instructors are often in short supply.

Rich training done on the Job.

I
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VI. PROGRAM fflLFENTATION

The process of producing programs from a set of program system specifications--
that is, of implementing the program system design--is divided into three
Phases: Program Development, the effort required to design programs that will
perform a set of assigned operational functions; Program Coding, the translation
of program specifications into program instructions; and Program Checkout, the
running of the programs under test conditions to be sure that they are relatively
error-free and will perform as specified.

Program Development repeats, on a smaller scale and a finer level of detail,
much of the previous analysis and design process, but this process is now
focused on the program system component in the information processing system.
However, a thorough and accurate job of System Analysis and Design reduces
the need to collect additional data in Program Development. To create the
detailed designs for many programs during Program Development, the work is
usually divided and so requires more people than for System Analysis and Design.

Program Coding, once detailed flow charts or other coding specifications are
produced, is a straightforward task. However, even in the Coding Phase, many
opportunities for improvement in the detailed design may be detected. In
practice, design work does not cease with the coding specifications, but
continues not only throughout code production but throughout checkout of the
programs. Subject to many errors, coding needs thorough checking prior to
program test to detect and remove illegal operators, misspelled and misplaced
data references, and errors in logic.

Program Coding is usually done by dividing the programs into many small
routines, each of which is coded, compiled, and checked out separately before
being assembled into larger blocks and finally into a complete program. A
great deal of the work associated with Program Checkout, then, is actually
done during this gradual code checking process. No matter how thorough this
code checking is, however, it does not entirely guarantee that the program
will perform according to specifications either by itself or in combination
with other programs* In fact, testing the performance of the individual
programs, and of various program combinations, to insure the quantitative
performance of the programs, is one of the lengthiest and most important
aspects of Program Implementation.

A. OE3ECTIVM

The mission of Program Implementation, in general, is to produce computer
programs that perform, in a reliable and error-free manner, the data
processing functions specified during the System Analysis and Design
Phases. Program Development includes the detailed analysis and evaluation
of the functions a program is to perform, the design of program logic and

S
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a data structure that will perform those data processing functions
efficiently, and the specification of that design in a form, such as
detailed flow charts, that is readily amenable to coding.

Program Coding includes translation of program design specifications into
error-free program code, and detecting and removing design deficiencies as
the coding progresses.

Program Checkout includes the thorough evaluation of the code produced,
to detect and remove all errors and to diagnose and remedy all operating
deficiencies and failures to perform as specified.

B. TASKS

For Program Developmient, the tasks are:

1. Develop program system test plans

2. Design programs

3. Design program files

4. Establish system files

For Program Coding, the tasks are:

1. Code the programs

2. Desk check the programs

For Program Checkout, the tasks are:

1. Learn the test environment and test procedures

2. Compile and check the program code
3. Test individual programs

4. Test program subsystems

5. Test the program system

On small Projects, all tasks except Program Checkout, Tasks 4 and 5, may
be performed by a single person assigned to each program. Project
personnel who have designed and coded the individual programs usually
have too much ego-involvement in the completed work to be sufficient).v
critical of its deficiencies in logic or design. To promote objectivity,
the inspection, test, and certification of programs and associated
documents should be performed by other individuals. ,

! [ i
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The division of large (10-30 thousand or more instructions) program systems
into smaller parts for design and coding creates the need to integrate
program parts produced by several people. This need may also arise when
programs (designed to run as a system or under a common program monitor)
are produced by several organizations. Since testing program systems and
subassemblies involves the work of several people, a separate organizational
entity for test work can be both efficient and objective. This test crew
can design program subsystem and system tests, produce test materials, run
tests, and evaluate the results.

In test design, all program paths should be exercised with representative
values and some illegalities. This first level in the test hierarchy tests
a small unit, e.g., 200 to 2000 machine language instructions that may be
a routine or a program. At this level, as few as 25 instructions and as
many as tens of thousands of instructions may be tested. For this test,
the program is usually operated in a simulated environment and actual
outputs are compared with expected results derived or calculated prior to
the test. Test plans must specify the program environment, and test designs
must specify the inputs and expected outputs based upon the program design.
After each test run, the programmer analyzes the results and makes correc-
tions to the code. All corrections must be verified by repeating the
program test. The cycle of test, correct, and retest is usually repeated
many times before a program operates satisfactorily.

The principal purpose of the program system test is to determine whether
or not the computer program satisfies the requirements for oprational
information processing as described in the Preliminary Functional
Description. In developing large systems, subsystem tests may be conducted
in a similar manner prior to system test to check performance for only
parts of the Preliminary Functional Description. Both sinmlated and
"real" or actual data may be used. Simulated data are preferable for
tests requiring close control of the test conditions; real data reflect
the vagaries of actual operations and are preferable for testing system
reliability and validity. System tests are not usually single, one-shot
operations; normally, a battery of "system tests" is used to probG
system operation under a variety of conditions, When several versions
of the same basic program system exist for use in different operational
environments, e.g., different equiluent, data base, and functional
requirements, many additional system or "adaptation" tests mut be run
as well as the basic system test. Further, system tests ast be repeated
each time a major change to the system is Iplemented or a nev version or
model of the system released. Hence, a set of well-designed and maintained
documents to record system teats may be a permanent asset for continued
program system developmuent. The value of these records is further
increased by detailing the procedures, techniques, and tools as well
as feedback on them.
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C. COMMUNICATION, COORDINATION, AND CONTROL

At the time of Preliminary Functional Description (PFD) concurrence, as
the Coding Phase begins, the overall program system has been designed, the
individual programs have been identified, and a set of documents specifies
requirements, functions, and data structures in some detail. It would
appear that the work can proceed on the design and coding of the specified
programs independently. This is not so. Even with a detailed PFF, the
opportunity usually exists for making further decisions about details in
the designs of programs that interact with other programs or Lbout the way
in which the program and the data will be handled by the user. Therefore,
the Project Leeder and the Coding Supervisor must coordinate the detailed
design work and further monitor and control it to insure that design
compatibility among parts of the program system is maintained. To fulfill
these responsibilities, the Project Leader must insure that all design
decisions and changes are disseminated to all Project personnel.

Specifically, during Program Development, Coding, and Checkout, the Project
Leader should coordinate:

" Requirements and plans for use of "real" data for testing, or for
joint testing with the user.

"* Input and output formats between interfacing programs.

" Communication requirements of programs with the executive or control
program.

" Data designs with thL central data base and central data file.

"* All data and program changes.

"* Data file requirements and work with the computing facility.

Portions of uEer documentation with all other programs.

• Program changes and corrections with test personnel.

Requirements for interfaces with other systems--easting or in
devalopment, manual or ADP--such as data standards or timing
requirements.

The Program Checkout Phase, like the Analysis and Design work, requires
a high level of reomaicatioc and coordination. In doing their jobs,
checkout personnel must interact with:

'f
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• The program analyst and designers to determine test requirements and
to insure that system requirements are stated in a precise and testable
way.

. The personnel in the Coding Phase who are developing individual program
requirements, designs and test plans.

• The personnel of the EAM and computer operations, to set up procedures
to make arrangements for running tests, and to reduce test data for
evaluations.

. Responsible programmers, to modify and correct programs during testing.

. Users, to determine testing requirements, to coordinate the use of
operational facilities for tests.

During Checkout, the Project personnel depend upon adequate and timely EAM
services and computer support, and close cooperation between the machine
room and test personnel is mandatory, because slight inefficiencies in
procedures that increase turnaround time may seriously slow progress in
the Project. Test personnel in the Project need test results as quickly
as possible to initiate corrective action when program errors are
detected. Interaction with the individual programmers during subsystem
and system testing may become difficult and costly if the test fe,-ility
is separated from the main programming activity by some distance. For
example, this separation may slow the development of procedures for
modifying and correcting programs quickly or for finding solutirns to
design problems. Also, arrangements should be made for a specia.. supply
of test tapes to record or store intermediate results and to accurateli
account for the results of several runs of the same programs and tests.

Interpretation of requirements, and arrangements for test data and live
environment tests are only a few of the reasons for interaction with the
user. To anticipate demonstration and turnover, there may be joint
conduct of tests, use of usrr operators and facilities, and user aid in
evaluating test results. Interaction with users and with equipment
manufacturers may be needed for joint machine-program integration tests
to test the appropriate functioning of both.

D. SUPERVISION

Again, during the Program Implementation activity, the supervisor's task
is to monitor all activities and review products. Specific items to be
evaluated in each phase are shown below.

*0b
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Program Develoment Phase:

* Program system design documentation for sufficiency of detail and
quality of design.

0 Table designs and file structures for completeness, compatibility,
sufficiency of detail and quality of design.

. Individual program designs for completeness, compatibility, quality,
and efficiency.

SStorage allocation plans for feasibility, conflicts, potential timing

problems, and efficient use of storage.

. Program system test plans for adequacy and accuracy.

Program Coding Phase:

* Program code for conformance to program designs and programming
conventions, effective and efficient use of the programning language,
adequate use of libraries, and adequacy of comuentary.

Program Checkout Phase:

. Test plans and test designs.

. Test results.

. Test documentation and reports.

The Project Leader should try to anticipate and avoid delays of various
kinds during Program Implementation. Once under way, this activity is
delayed by even a proposed change, e.g., by time spent to evaluate the
implications of the change. Any change may result in a considerable
amount of work being scrapped as detail designs for processing and data
structures are redone and recoded. When the programs reach system
testing, the Project Leader should try to defer changes to a later
version of the system. To meet schedules, the work should not stop while
d.ecisions on changes are being made; therefore, quick decision-making
will reduce the costs of changes that require revork.

During the Program Checkout period, many critical, unanticipated diffi-
culties arise that require the supervisor to spend time either solving
problems or expediting decision-making by other agencies.
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E. COST FACTORS

Little experience data are available on the cost of designing and coding
as distinct activities in producing a program. Some expert programmers
can produce a detailed flow chart in one day, describe data tables in two
days, and write the code in another two days for a relatively simple
1000-instruction program--a total of one man week. With design and code
complete, the programimer must now check out the program; and this may
require several times as much work. Generally, program design and
coding progress by fits and starts as the programer t1ries design
P-proaches, sees some improvements, and then reworks his design and code.

The basic tasks such as designing programs, designing tables, and coding
program are most easily costed. The tasks that contribute less directly--
planning tests, establishing the central data file, supervising, and
documentation--are less readily costed. Some rough rules of thumb are:

Planning tests One man month per 10,000 instructions *

Designing programs and data One man month per 1,000-2,000 instructions--
more effort when the total system sizec exceeds 30,000 instructions

Establishing files One man month per 10,000 items

SMaintaining files One man per month for each 40,000 items

Coding and desk ehecking One man mnnth per 5,000 instructions

For program testing, the size, complexity, and degree of innovation of the
program system are primary determinants of cost. However, such factors as
whether the test facility is conveniently located, the system specifications
and test specifications precisely and unambiguously stated, and the test
data voluminous and complex can seriously affect test costs and schedules.
Tests are needed for each function, each subfunction, and each interaction
as well as ama joint effects. Since the number and size of tests are
difficult to establish before the system has been thoroughly analyzed,
prediction of costs is difficult. Computer runs are made to test programs
that range between one hundred and several thousand instructions each, and
under all sorts of conditions, so that the size and length of individual
tests is more difficult to estimate than the number of tests. Some data
that represent SDC experience with testing systems are shown below:

*•: • * Instructions refer to machie l e instructions.

.8!
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Cost Re AVerag

Computer hours per man month 1-6 4
Computer hours per 1,000 instructions 17

Computer hours per run 0.25

Runs per man month 3-U 5
Runs per 1,000 instructions 3-30 19

F. SCHEDULES

Since Checkout may take 50 percent or more of the total program development
time, realistic and detailed scheduling is required. Short-term arrange-
ments are equally as important to long-term schedules. For instance, in
scheduling subsystem test runs, the test team should always try to have
alternate run sequences laid out in case the planned sequence "hangs up"
on a program fault early in the series of runs. If it can be avoided,
computer runs should not be scheduled that depend upon the successful
performance of aniy one Wogram, but sets of independent programs and
routines should be scheduled. Testing should not come -o a halt while
the results of a particular test are evaluated, nor should many runs of
an apparently successfully operating program be accumulated before test
results have been verified.

1.

!C
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PROGRAM DEVELOPMENT TASK 1

DEVELOP PROGRAM SYSTEM TEST PLANS

INPUTS SUBTASKS

Information 1. Develop program, subsystem, and system test requirements
zsed upon system requirenents (see System Analysis

Program system design I'Bk a).

System requirements 2- Devc op and document a test plan to establish the test
e.i.ýent, including initial data values, configurations
of equipment, and setting of switches.

"Documents ". Devel- and document designs for a series of tests,
8pecifying data paths, illegalities, inputs, and

Program and system design documents expected outputs and results.

%'rellminary Functional Description 4. Complce Program System Planning Sheet.

5. Reviev test requirements and design with Project Leader
and programers.

9d

ENVIRONMENT

Inteawtiona aM Dqemdeneie

tro insern on test plans and test requirements.

Tenmdmcy to delay test planning until progrem design and coding are underay may retard and deg - fort.

Dependent upon the precision and aecwicy of system requirements and system design docuMentation.
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DESCRIPTION

Develop and documenat program system test requirements, test plans, and test designs to provide the specific plans

and criteria for progam and system evaluation.

OUTPUTS COSTS

laf_______ 1. Clarity and "testability" of requirements.

Proga, subsystem, and system test requirements 2. Co•l•pwdty and variety of inputs and outputs.

Propgr, subsystem, and system test plans 3. amaber of decision points and timing

Program system test design 4. Size and complexty of the system.

5. Costing formula:

Documents One man month per 10,000 estimated
machine instructions.

Progrem, subsystem, and system test plans and
requirements Time required to implement test designs

(e.g., generate test data) not included.

Program system test design

: i: ENVIRONMENT

CI

Requires senior parson with test 3rilewe; may be the program analyst.

t camplex, creative taek-requires criticel end detailed evluaation of system requirements man system desigi.-
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PROGRAM DEVELOPMENT TASK 2

DESIGN PROGRAMS

INPUTIS SUBTASES

Information 1. Design logic and flowchart each subunit (propram) in
detail.

Program system requirements
2. Specify all input and output message formats.

'C Program systes design
3. Search program libraries for available subroutines.

Dthta base design
4. Coordinate input ead output message formats with

Input/outpxt equipment characteristics interfacing programs.

5. Coordinate design and commuication requirements with
executive control program requirements.

41 Documents
t 6. Determine data rates and characteristics of input and

Preliminary ftncotioal Description output equipmnt.

Program System Design and Data Base Design T. Analyze timing requirements and resolve potential
ti n' ng problems.

8.Review program designs with supervisor and other
progrmersand revise designs, as necessary.

9. Write and coordinate program specifications.

Interactions and Depedencies

Programmers of interfacing programs.

Progmmarer of executive control programt.

Dependent upon timely delivery of precise, detailed, and accurate system end data basns design documenetation.

Potential delay in the review and approval of program designs.



10 may 1965 121 TM-2314/ooo/oo

DESCRIPTION

Design and docuaent the individual programs and routines that have been specified (see System Design Task 2).

OUTPUTS COSTS

Information 1. Ccmpleteness, accuracy, and clarity of program
system designs.

ftoi igns 2. Designer's familiarity of area of application

Input/output mssae formts (i.e., experience with similar programs).

3. Degree of innovation required.
Progra commicatiot requirements 4. Size and complexity of programs and system.

Timing analyses 5. Strictness of timing and storage limitations.
6. Number of logical blocks, dependencies, inter-

faces, program iesponse requirements.
Do Doc-mts 7 Nuamber and range of inputs and outputs.

Broad, detailed flow diagrams of each program 8. Mathematical vs. logical tasks.
9. Hardware constraints on program design.

r10. Firmness of system design.

11. Experience level of progzraera.

12. Costing formula:

One man month Ter 1000-2000 machine
Instructions.

"One man month per 1000 instructions
vhen the program is large (e.g., over
30,000 instructions).

• ~ENVIRONMENT

anoe ad working Dowi.• -aasm

Deta l, crewve vomr. Few external contacts, little travel.

Roeqdres loese ,-orditaon wIth jthbw pIopaam.
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PROGRAM DEVELOPMENT TASK 3

DESIGN PROGRAM FILES

INPUTS SUBTASKS

Information 1. Identify the tiles used or generated by the program
that are unique and those that are common to this and

System requirements other programs, and analyze the flow of data amng the
programs.

System design
2. Design, for each program, formats of internal tables.

Data base design
3. Coordinate designs with central data base (see System

Data flows Design Tsk 2) and/or other standards or constraints
for data elements.

Input/output requirements 
o d 

-

4. 4. Specify, for each program, all inputs and outputs,
Program specifications identifying sources and destinations, formats, and

sizes.

-,. Allocate blocks of primary and secondary memory for
Documents storage of program and data and, if necessary,

coordinate storage allocations with the central
Design documo4!-tiuu, flow diagrams data base.

Preliminary Functional Description 6. Review designs with supervisor for accuracy,
completeness, and adherence to standards.

7. Coordinate designs with program testing and other
activities to insure that forms and formats will
permit easy testing and documentation, and allow
for possible trade-oft's of space for time, etc.

ENVIRONMENT

Znterections and Dependencies

Central data base personnel, on file and table formats and storam allocations.

Progrpa test personnel, other programers.

Dependency upon p,.-isenmss and accuracy of system data descriptions in system designs.

potential delays In the coordination of table designs aend data requirfemnts vith central data base and otherS.... propoma.
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DESCRIPTION

Develop and dierine the form or the data elements to be manipulated by each program, lay out storage allocations,

and docuzment y . : data structures.

OUTPUTS COSTS

Information 1. Amount and variety of data handled by program.

Formats of internal tables 2. Size and complexity of the system.

Spnciflcations for data storage allocations 3. Amount of unique and independent data vs.
amount of commn, interdependent data.

4. Numsber of tables, items, files, classes.
Docuenats

5. State of organization, format, and validation
Table layouts of available data.

Storage layouts 6. Rate of change of data.

7. Storage and/or timing constraints.

8. Security classification of the data.

9.Costing formul.a:

One man month per 10,000 Items

Resources and Vorking Conditions

Knowedge of lamg data-base striastures--tbeir organization, mainteamnce, and associated machine storage
cbareatetustics.

* Detailed, creative task.

Knoviedge of standards that may exist for data elements.
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PROGRAM DEVELOPMENT TASK 4
ESTABLISH SYSTEM FILES

TNPUTS SUBTASKS

WInomation 1. Specify central data fil& structure and conventionsof information description.

Program system design
2. Specify size, coding, and structure of files, tables,

Data base design and item of cmn information.

O Cmn data structures 3. Coordinate and documant changes, additionw, and
deletions.

Written and verbal data descriptions
4. Issue periodic reports or listings specifying the

current contents of the data files.

Documents 5. Use RAM and/or ADP equipment and processes, an
appropriate, to create and update the files.

Proram systm design
6. If necessary, cooperate with the appropriate

Data base design programing personnel to create and/or modify the
file maintenance prograems used to create and maintain

nlow diagram the central data tables.

Data description input forms 7. Devise and coordinate the procedures for interacting
with the central data files and establish schedules
and deadlines for the periodic maintenance of the
files.

8. Intesat with the programmers in defining efficient
and appropriate data structures in light of the
requirements of the program using the comn data
tables.

ENVIRONMENT

latamAoams end Depandandies

ftWwI , on data structure reouiruents, and on cilloction -a- coo•edination of data descriptions and structures.

Utlity programers, on creation of appropriate file maintenance systm program.

Depenodet upo cooperation with programme, and upon msnagemnt support.

Pitaenti.l delys in programme"' definaltlons of data reqilramsts and specifications of eact data structures
ant definitions.
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(paes 126 and 127 blank)

DESCRIPTION

Develop and maintain a central a*rcounting Lystsm for inforsation used by more than one program in the program
system; document the central data file structure &nW the procedures for maintaining It; and periodtically issue
listings or the central file contents.

OUTrPUTS COSTS

Inforsiation 1. Size and copletity of comn data structures.

Data structures 2. Size and couplexity of total program system.

Data descriptions 3. Number of programers and progras whose
data structures mist be coordinated.

Central data tables
14. Level of integration of program system

* Coordination of data and structures and degree Of in~ezdependftce Of W093in0

Efficient common data structures and storage 5.Closeness of control required ower space
allocations Wan processing time.

Control over system data 6. Degree of responsibility of central date
table mdaitenance operation for contro2lling
space and tine efficiencies, and degree of
management support,

T. Level of knowledge- .id skinl of Personnel
In data structure, design, and progremer

Detitoeof central data tables i8teractiong.ba

Instructions for use On small project (2-3 progreimers) one
- person, part time. Estimate one man month

Coordnatio MGMper 10,00W machine instructions.

Listing of contents of files on large project (over 30,000 machine
instructions), two man sonths per 10,000
instructions.

ENVIRONMENT

asmourcas and WVeISin Conditions

Production control staff operations.

only modamto programng skill required.

Thorough underetending of the syutm, its Operation and objectives.

mkill in the desi.1 and efficiant data structures and in detecting much inefficiencies as redunant data,
definitions, etc.

Appopriat, skill and sauthority to control data flows and storage al1locations, asrequired.
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PROGRAM CODING TASK 1

CODE THE PROGRAMS

INPUTS 1SUBTASKS
Information I1. Studly and understand the program aw4 data base designs.

Program design details 2. Write coded progam statements from detailed flow
Codig cnvetios ad sandrdscharts or other program design documsentation.

3. Look for co=n or standard data processing functions
'late definition details sand search subroutine libraries for applicable

Subroutine libraries subroutines to insert in the program code.

4. Review program code by looking for:

.Misspelled, illegal, or missing operation codes
'Tocuments and expressions.

Deta~iled program flow diagram . Uadefined, doubly defined, and tunreferenced data.

Prgram design documnetation . Logical errors.

Data base documentation
Listings ana descriptions of available
subroutines

User's manual for the programing
language

User a manual fur the operating
system

ENVIRONMENT

.Interactions and Dependencies

Tnternct with program designers, it not the same as '~.coder,

urograsmsing supervisor,

central data files personnel.

kiapendent qaon t1.ualy delivery of progrm design gpecif icr -Iom



10 YAV 1965 329 M?-2314&/000/00

DESCRIPTION

Tranlsate flow diagrams and other statemets of program deeigns into coded instructions.

OUTrPUTS COSTS

Information 1. Size and complexity of programs coded.

Coded program statements 2. Proportion of new and reused code.

3. Familiarity of the programing language,
comuter, and operating system.

14. Procedu~re-oriented vs. machine-orleated
language.

5. Experience level or coders.

*6. coating formaia:

Orosa estimate at one -a month per
5,000 instructions.

Estijute that 2,000 procedure-oriented
language statements are roughly equivalent
to 10,000 machine-language instructions.

Less experionce and s1i1 required than for progm design or analysis.

Usuallay performed by those who design the programs.

Ralat~IvelY straightforward task, some r. for creativity and clever sae.
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PROGRAM CODING TASK 2

DESK CHECK THE PROGRAMS

INPUTS SUBTASKS

Information 1. Obtain a keypunched and verified symbolic program listing.

Program listings 2. Review (desk check) program listing for errors, checking
for illegal expressions, coding mistakes, and data errors.

Program design details
3. Compare program code to program flow charts to be sure

Coding conventions and standards that all functions are completely coded and to tracm
the logic of the program to be sure that no logical

Data definition details errors have occurred.

4. Obtain an independent review of the program from either
the programing supervisor or a senior programer.

Documents
5. Correct all illegalities and reprogram the logical

Program flow diagrams errors and inefficiencies that were detected.

Program specifications 6. Review (desk check) the code of other programers to
detect illegalities, logicel errors, and programming

Data description listings inefficiencies.

User's msA-;uols for the program•ng
language .i, ,omputer operating
system

Interactions and Dependencies

EAM, and other computing facilities.

ProgramI ng supervisor and/or senior programers in reviewing the adequacy and correctness of the program code.

Dependent upon the timely production of code.

Potential delay in slow turn-around time in the keypunching and listing of code.

Potential delay in obtaining supervisory and other reviews of program code.
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(paes 132 and 133 blank)

DESCRIPTION

Desk check program code by looking for illegal expressions, erroneous data referencst program logic er ror,

progriming Inefficiencies, and deviations from program specifications,

OUTPUTS COSTS

Informtion 1. Size and complexity of programs checked.

Assurance of coding quality 2. Proportions of unfamiliar and difficult code.

Detection of program errors 3. Familiarity with the programing language,
computer, and operating system.

4. Procedure- vs. machine-oriented language.
Documnuts

5. Experience level of checkers.
Desk checked symbolic program deck and listing
ready for compilation 6. Excellence of code checked in terms of bein

well-organized, easily understood, free from
errors, and simple.

T. Costing fornala:

Cost included in the effort to produceC the code (see Program Coding Task 1).

Usuall.y performed by those who write the code and by the programing supervisor or le~.~in

Requires c. asiderable knowledge of programing techniques and of the coding conventions and standards established
for the Project.

Teious mechanical task, c&Wlnj for a sharp end critical reIn detecting rerr and inefficiencies in program
code.
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PROGRAM CHECKOUT TASK 1

LEARN THE TEST ENVIRONMENT AND TEST PROCEDURES

INPUTS SUBTASKS

Information 1. Learn the computer room procedures, paper work required,
turnaround time, priority system, test decks, and test

Computer room procedures data identification.

Computer availability 2. Learn the characteristics of the utility system, support
programs, monitor system, and test data generation,

Computer program test procedures recording, and reduction programs.

Special project procedures 3. Identify the various positions that must handle a job
submitted for machine processing and where delays may
occur.

Documents 4. Learn the procedures for retiring test decks and test
tapes.

Utility and support program descriptions
5. Become acquainted with computer operations personnel.

Equipment manuals

ENVIRONMENT

Interactions and Dependencies" "

CompAter operator personnel,

Couriers or messengers.

Complexity and *is* of data base.

Timely access to computer room personnel and availability of procedures.
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DESCRIPTION

Using test requirements as a frameewk, learn the procedures for using the computer, the utility system, and other

support systems.

ourpurtS COTS

Information 1. Adequacy of documentation of computer room
procedures and test procedures.

Ability to use procedures, compilers, computers,
and progeing support tools 2. Programmer experience with the computer

facility.

3. Adequacy of documntation of equipment,
and utility and support tools.

4. Stability (few changes) in the progrmming
tools and the control program, and rapid
communication of any changes.

5. Costing Formula:

One man week per programer.

(.

ENVIONMENT
•Resourcesan Wokn Condtion

Programmer test experience

"Mostly on-the-job training; little docummntation of procedures; relatively straightforvard task
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PROGRAM CHECKOUT TASK 2

COMPILE AND CHECK THE PROGRAM CODE

INPUTS SUBTASKS

ororato 1. Submit first block of symbolic code for compilation with

I d e n i f i a t i o o f l a n u a g e t y p 2 . r e p r e u b s e q u e n t b l o c k s o f c o d e w h i l e wa i t i n g f o r t h e

andmopiicaionian

3.escin Reciv prntotsofcmplainsan odfiaios n

Cocmenter 4.rao Corcterrssoonearsla.eqied roue e

Couckr or tape;grs an2oiirasmle rrcmiep
Utiltogra dperatingtefomo sstembo saporae

Rei5ilt ofeml computers and ctilit inoarerblckuti

Competiinwtoher oprtr esncnelu.rs

Coreso esnes
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DESCRIPTON

As individual blocks of code a"e written in either symbolic assembly lsnguage or procedure-oriented language,

assemble or compile each block into mischine-readable (binary) form, check the listings for errors, correct the

code and recompile, continuing this process until a satisfactorily compiled program or routine is obtained.

OU'rPU73 COSTS

Documents 1. Availability of reliable assembler or compiler

A progrm in binary, available on cads tape, an and accurate documentation.

print-out, ready for progran testing 2. Availability of computer time and EAN support.

3. Programmer experience.

4. Costing formula:

Computer time rule of thumb for compiling with
JOVIAL*

average 150 statements/minute
range T5-300 statements/minute**

*TH¶-WD-lWT/000/0 describes the operation and use
of this JOVIAL compiler.

*05ote that~ these statements generate both

L instructions and data.

Adequate diagnostics sand understanding of the compiler.

Coputer tim and operator skill.
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PROGRAM CHECKOUT TASK 3
TEST INDIVIDUAL PROGRAMS

INPUTS SUBTASKI
Information I. Review and evaluate program test plan that specifies

test environment. (See Program Development Task 1.)
Program test plans, requirements and

schedules 2. Develop and document program test design that specifies
inputs and expected outputs, data paths, and illegalities.

Program requirements and designs
3. Produce test data required by test design.

4. Run program using simulated inputs and environment and
Documents test for expected outputs.

Program Design Specifications 5. Develop recording specifications as needed.

Program Test Plan and Test Design 6. Document results of the program test and error corrections.
including input test data specifications
and expected outputs 7. Write, coordinate, publish, and distribute a complete

description of the program.
Program Environment Specifications
including system data tables, other
programs, and executive or control program

Program Symbolic Deck, Binary Deck,
Listing, and Memory Allocation Chart

Program Change Requirements

In~teac~tion@ and Depmendenies E•N'•ON•(EN~T

Program designers and "Jtoo designer@.

Compuater operator personnel.

Subsystem Test activities.
Coding activities.

Other subsystem developers. -

Reliability of computer and sof'tWre.

Computer turnar-uM time.

Utscheduled computer mainte•iace.
Competition with other computer users.
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DESCRIPTION
Within the requirements set forth by general plans and requirements for program testing (see Program Development Task 1
plan, design, produce, and run performance tests of the individual programs to isolate and correct errors, rerunning
the tests untill all program requirements and design specifications are satisfactorily met.

OUTPUTS COSTS

Information 1. Availability of computer: total computer time
and turnaround time.

Program test d6signs, test data, and run results.
2. Availability of programming tools and descrip-

tive documentation.
Recoendations for future program modifications

3. Adequacy of test planning and design.
Recommendations for approval or deferral of
requirements and design features 4. Number of instructions in program to be tested.

Assurance of program quality 5. Number of inputs and outputs.

6. Extent of innovation and complexity in the
program design.

Documents
7. Number of program design changes to be

Documentation of designs and tests implemented.

Reports of run results and actions taken 8. Extent of procedural documentation.

Me Dmoranda on recommended changes 9. Costing formulas:

Program Descriptions Anticipate one error per thirty instructions

All testing requires betweea. 40-50 percent
of total development efforts.

Program test requires about 20 percent of
the testing effort.

E NVIRONM E NT
Resources and WorkigA Conditions

Cotinual interaction with the computer and attendat delays require careful planning of progrem-ers' tLe.ow as

my be used for perallel activities such as documntation, replanning . and study.

?raeer experience in testinS, test pl&nning, and designing.

Computer time.

support progprm (testing tools).
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PROGRAM CHECKOUT TASK 4
TEST PROGRAM SUBSYSTEMS

INPUTS SUBTASKS

Information 1. Review program subsystem test plan that specifies test
environment. (See Program Development Task 1.)

Prograr subsystem test plans, requirements
and schedules 2. Develop and document program subsystem test design that

specifies inputs and expected outputs, data flows, and
illegalities.

Documents 3. Put programs that constitute subsystem together.

Program System Design Specifications 4. Produce test data required by test design.

Program Subsystem Design Specifications 5. Run program subsystem test using simulated inputs and
environment, and test for expected outputs.

Program Design Specifications
6. Document error corrections and evaluate results of

Program Subsystem Test Plan and Test program subsystem test.
Design including input test data
specifications and expected outputs

Decks of tested program(s) that constitute
the subsystem

Data Base Design Specifications

Program Subsystem Evironment Specifica-
tions including other subsystems,
executive or control program

Program Test Results

Program Subsystem Change Requirements

Interacti ons an Dejpendencies ENVIRONMENTi

Prga designer* WAd system designers.i

Coputer operator personnel.i

Props. test activities.

Reliable computer sad sottwre.

Computer turnaround time.

L' .cheduled womputer maintenance.
CoM~petlt ion vith other computer users.
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DESCRIP71ON
Within the context of the more general program system test plans, design, produce and run program subsystem
teats for physical integration of functionally interdependent blocks of programs to isolate and correct
failures of functional interactions and failures to meet program specifications.

OUTPUTS COSTS

Information 1. Availability of computer: total computer
time and turnaround time.

Subsystem teat designs, test data, and run results
2. Availability of programsing tools and

Recommndations for future subsystem modifications descriptive documentation.

Recommendations for cancellation, modification, or 3. Availability and accuracy of rav test data.
deferral of requirements and design features 4 dqayo etpann n ein

Assurance of satisfactory program interactions
in the subsystem 5. Number of' instructions in program to be teited.

6. Number of inputs and outputs.

Documnts 7. E~xtent of innovation and complexity in the
program design.

Docuaentation of designs and tests
8. Number of program design changes to be( Reports of run results and actions taken implemented.

Memoranda on recommeded changes 9. Extent of procedural documentation.

10. Number of displays In subsystems.

11. Costing formula :

Varies between zero and thirty percent of
total testing effort depending on number

* ~of subsysteam.

All testing requaires between 40-50% of totsl
developmeat effort.

ENVEROMMENT

?*sourcess and Working Conditions

"Bukeystea,' "task," 'at ing," or "asoeftly" testing usually iovu..res considerabls pressure, relatl'.ely long
computer rums, late hours, and may conferences on catastrophic program failures and emergency changes to plans
ad schedule* brought sbout by unexpected failures, delays, and changes.

Programmer experience In testing, teat pl.anning and designir4.

O~autor tim.

support programs (testing tools).
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PROGRAM CHECKOUT TASK 5

TEST THE PROGRAM SYSTEM

INPUTS SUBTASKS

Information 1. Review program system test plan and design- -revise as
needed. (See Program Development Task 1.)

Program system test plans, designs, data,
and schedules 2. In~tegrate program subsystems for program system test.

3. Run system test with simulated and/or real inputs and
environment and test for expected outputs.

Documents
4. Document the results of the system test and error correc-

Program System Design Specifications tions.

Program System Test Plan and Test 5. Rerun corrected program system and test for expected
Design Including input test data outputs.
specifications and expected outputs

Program System Environmeat Specifica-
tions including system data tables,
executive or control program

Program System Symbolic Deck, Binary
Deck, Listing, and Memory Allocation
Chart

Program Subsystem Test Results

Peripheral Equipment Operating Descrip-
tions

Interactions and Dependencies

Propem deuigners and system designers.

Computer cpraetor personnel.

Subsystem test activities.

Turnver and Demonstrat ion activities. 7
Other system developers.

User personnel.
Peripheral equipment.
Dependency on relisble computer, software, wAn peripheral equipment.
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DESCRIPTION

Within plans for the overall quality assurance of the program system, design, produce, and run tests (usually

consisting of a series, or increasing sise and complexity) of the total program system to isolate and correct

system malfunctions.

OUTPUTS COSTS

Information 1. Availability of computer: total computer time
and turnaround time.

Program system test data and run result. 2. Availability of prograsmmng tools and descrip-
tive documentation.

Recommendations for future program modifications
3. Adequacy of test planning and design.

Recommendations for approvals or deferral of
requirements and design features 4. Number of instructions in program system.

Assurance of program system quality

5. Number of inputs and outpuats.

6. Extent of innovation and complexity in the

Documents program design.

Docuentation of designs and tests 7. Number of program system design changes to
be implemented.

Reports of run results and actions takenC 8. Extent of procedural documentation.

Memoranda on recommended changes
9. Number of displays in subsystems.

Program System Description
10. Extent of innovation and complexity in the

system design.

11. Number of system design changes.

12. Extent of concurrent system development.

13. Number or organizations involved in mystem
test.

14. Adequacy of realistic test data.

15. Costing formula:

About 50% of total testing effort.

All testing requires between 40-50% of total
development effort; therefore system testing
comprises about 25% of the total effort.

ENVIRONMENT

Resources and Working Conditions

Progrmmr experience in testing, test planning, and designing•.

Computer ttme.

Support programs (testing tools).

A great deal of coordination and communication are required to complete system test) therefore, adequate planning is
essential.

Distinction between errora in hardware and software is at times very difficult.

........-' .. .. ..... ! !.
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VII. SUPPORT AND TUPJYOVER

The last set of Phases in the program system development process are those
associated with preparirg for nnd making the delivery of the system to the user.
This includes preparing operating and maintenance manuals, helping the user
prepare to operate the system through training and assistance, conducting the
demonstration trials, and working closely with the user during the period of
shakedown to detest and correct any remaining program errors.

The tasks associated with support of the user, although sometimes viewed as an
imposition by those interested solely in the design and coding of computer
programs, are an extremely important activity from the managerial point of view.
The perceived success of the Project may rest upon how well the user understands
his new system. Therefore, it is "good business" to provide the user with
adequate information in the form of documentation, training (including practice
in the use of the system), briefings, and other customer-relation services.
Such services may include advice and consultation on procedures, organization,
and operations.

A. OBJECTIVES

0 The mission of the Support and Turnover Activity is to prepare the user to
receive. and operate the system, and to change his mode of operation as
needed to fit the new system.

In the User Documentation Phase, the objective is to develop and produce
a ret of instructional manuals that will best help the user to understand,
operate, and maintain the program system.

In thc User Training and Assistance Phase, the objective is to ease the
user's transition into the new mode of operation. This is done by
(1) building or redefining his data stores and associated data-handling
procedures, (2) redefining work organization and procedures, (3) providing
assistance to create understanding of the system's capabilities and
(4) promoting acceptance of the new mode of operation.

In Turnover, the aim is to help the user demonstrate, to his own oatisfac-
tion, that the system will operate as specified, and to support the user
with advice, guidance, and immediate trouble-shooting during the initial
period of system operation.

B. TASKS

For User Documentation, the tasks are:

1. Verify the completeness and accuracy of the program system specifica-
V :tions.
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2. Outline user documentation.

3. Produce user documentation.

It. Obtain concurrence upon user documentation.

For User Training and Assistance, the tasks are:

1. Advise user on data collection and conversion activities.

2. Develop a user training plan.

3. Conduct training program for user's staff, operator and
maintenance personnel.

For Turnover, the tasks are:

1. Develop the Turnover Plan.

2. Conduct demonstrations.

3. Assist in the operational shakedown of the system.

Although the Project Leader must always plan on Project participation in
the Support and Turnover activity, the amount of work required will depend
greatly upon (1) the past experience of the user ink applying ADP to his
operations, and (2) the extent and complexity of the interaction between
human operators and the ADP system. If the computer is used completely
off-line, and the user is familiar with ADP operations, Project personnel
will have to supply little support. However, if operation is completely
on-line and dynamic, and involves a completely naive user, much training
and support may be required.

User doctmentation is a particularly important deliverable product, since
the operation of the system wiill be very difficult to learn without ade-
quate descriptive material. To the extent possible, user documentation
should be adapted to the needs of each user. For example, a stsadard set
of documents for an off-line system may include using guides and procedures
for operators but an on-line, real-time syster requires much more documen-
tation of this tjfpe such as instructions for each different operating
position (sometimes called Positional Handbooks).

At NAVCOSSACT, the user is responsible for a very important task, i.e., the
collection and conversion of data files to be used by the system, including
the foiulaLion of data collection and distribution procedures for use
during system operation. If the user is unfamiliar with ADP, however, he
may need considerable guidance in setting up files and establishing and
implementing procedures. Also, the inexperienced user may be unaware of
the stringent demands for precision, accuracy, and completeness in data to
be used in computer systems. In such cases, the first compilation of data
will probably not work without a great deal of editing and correction.



A breakdown cf t.-* data coilect-on and conversion tasks expect-d of the
user is:

1. Determine the types, forms, and structures for data neded as
inputs for the ADP.

2. Identify the sources of the specified data.

3. Determine the volume and frequency of arrival of various data elements.

4. Determine or establish appropriate data collection procedures and
forms, for both the initial and ongoing collection of data.

5. Collect data.

6. Verify data accuracy and completeness.

7. Manually process data by entering them on data forms (properly placed,
scaled and arranged); by keypunching; by inspecting listings; and by
manually controlling card files and listings.

8. Convert and store data in the specified storage medium, using the
computer and computer programs provided for this purpose.

9. List stored data and inspect the results to verify the correctness
of the data as stored.

1 10. Turn over the converted data base files to operational personnel.

11. Prepare, if required, simulated data base files and other test data.

12. Cooperate in testing by inspecting the results of tests to detect
processing and data errors.

13. Specify requirements for data base load and maintenance programs.

Although the Turnover tasks stress the intangible activities such as
coordination, consultation, training, indoctrination, and communication,
the Turnover Plan may be accompanied by other tangible products, e.g.,
briefing documents, conference reports, test materials, and training
materials. At NAVCOSSACT, the Turnover Plan must be completed not later
than one month before the completion of Program Checkout.

On small Projects, the Project Leader or another Project ember performs
the Turnover tasks, particularly coordination, monitoring, and brief1Ki.
Checkout personnel do the planning, design, production, and actual conduct
of demonstration tests. Usually analysts and programmers in the Project
train and indoctrinate user personnel. On a large project, however, and
especially one with many A^lp centers requiring multiple installation of
the program system, specii.L Turnover or installation teams will be needed
to coordinate with the user, to adapt the program system (e.g., introducing
a new data base for each location), to indoctrinate and train the user, and
to develop and conduct the demonstration tests.



. COOJTCATION, COORDIA7AIMC, AN! C(WrROL

Much of the support activity insures that the plans made by the user and
the developer are integrated, and that the schedules are met. During, the
User Documentation Phase, once documentation plans are firm, the main
coordinqtion task concerns changes to the system, i.e., to assure that the
statements in the documents are current and accurate.

For the data base work, Project personnel must insure design and schedule
campatability for ea:'y combination of the program system and the data base.
Any decisions that extend or alter the basic data base design should be
promptly transmitted to the user so that he can reflect them as necessary
in the data base. Also, the responsibilities and work load of the data base
team--e.g., ease of data collection and conversion and availability of time
to respond to changes--must be considered in making any changes. Missing
data may seriously affect the data base design and impose unexpected re-
quirements on the programs. Again, equipment design that may differ from
that expected constrains data base manipulation; e.g., precision , speed,
and reliability of data handling may be reduced from that originally
specified. Data may have to be estimated or interpolated to obtain the
desired precision, or design requirements may have to be changed. These
situations point up the need for close coordination between the data base
and program design activities.

Turnover is a crucial phase because the user may readily find fault with
the system unless he thoroughly understands it and accepts its limitations
as well as its advantages. This is a period of transition for the user.
From the familiar--the safe, secure, and stable, with introduction of a new
program system, he enters into the unknown and uncer t ain. He may be anxious
and ready to find fault with the system. To remove thLs uncertainty and
insecurity, the Turnover team must try to continue to communicate freely
and easily with him.

The Gantt Chart in Section 3 shows that the time interval for the Turnover
Phase overlaps, to a considerable extent, the intervals for the entire
Checkout Phase and even the final stages of the Coding Phase. If Turnover
is handled by a separate team, their early work includes intense study of
the details in both the design and planned operation of the system. The
team uses this knowledge to plan the Demonstration test and to indoctrinate
the user.

In addition, Turnover personnel must adopt and maintain a system orientation,
i .e., they must understand and treat the system as a unit, and 'they must
"try to pass this orientation on to the user. While many of the minor opera-
tions of the qystem may go wrong or be found in error, these discrepancies
must be viewed and weighed within the framework of the total system.



Alth.aigh it is desiraole to forbid, -r defer '4esign cnanges at t-As stage,
such changes may be needed and implemented, and cinsequently may disrupt
Turnover. A; an alternative to implementing such changes, a suggested
technique is to set up the "two-tape" system for the user (that he will
undoubtedly need after he assumes responsibility for program system mainten-
ance). In such a syste-the basic tape is not changed, but all changes, e.g.,
changes in requirements or corrections of discrepancies, are introduced in
a follow-on version of the "system tape." Then they will be ready for system
testing as soon as the prior version is released for provisional use. This
two-tape technique is also good for system maintenance and could be handed
over to the customer with the system. Without the protection afforded by
this technique, the inexperienced user may introduce changes into the
operational version--changes that have not been thoroughly tested and so
may foul up his system, possibly at a crucial time in operations.

D. SUPERVISION

"The products that must be reviewed by the supervisor during the Support and
Turnover Activity are:

* Revisions of program specifications.

0 Plan for, outline of, and drafts of user documentation.

. Training plans.

. Turnover plans.

. System changes for both programs and data base.

Support and Turnover activities demand frequent contact with the customer,
e.g., in the form of bri,'fings and conferences. To insure good customer
relations, as well as good performance in other tasks in this phase, the
Project Leader may personally make these customer contacts.

E. COST FACTORS

Although the costs of the mechanics, i.e., writing, editing, and reproduc-
ing a document, are fairly well known, the separation of these costs from
the cost of doing the more creative part of documentation is not. That is,
the cost rules, unrealistically, astsme that this mechanical production of
the document Is done after or independently of the thinking and information-
gathering work needed to generate the information going into the document.
Since this is not usually the case, the Project Leader must estimate and
account for *hczc costs as well. If ` ^ •st,. -n"t rem q.xrable, 't2e costs
of -uhe creatvt. work would likely exceed those of product.Lon wuric.

it



The cost of Data Collection and Conversion itself depends largely upon the
mount. i.e., the total number of items, --cmpiexity, number of different
item types, the rate of change of data, and the number and accessibility of
data sources. Another factor that adds to the cost is the handling of
classified data. In a NAVCOSSACT Project, the cost of advising and monitor-
ing the data base activity will vary between one and sixteen man weeks,
depending upon the size and length of the data collection activity. Once
communicatlion channels and procedures have been established, junior per-
sonnel can usually be assigned.

"Assisting the user in preparing (and conducting) a demonstration test" can
be a costly operation. Two factors have a heavy influence on costs;
(1) the user's inexperience with ADP, and (2) the dispersion and variation
of program system, e.g., in case it must be installed in several locations
with differing equipment and program configurations, environmental condi-
tions, and system interfaces. A successful demonstration depends upon
thorough study of environmental differences with emphasis upon current,
reliable, and detailed information. "Dry runs" prior to demonstrations
help to expose and eliminate many problems that might occur during the
Demonstration and also to expedite the education of users.

Costing such intangibles as coordination, consultation, and indoctrination
is difficult. Experience shows that any funds allotted to this activity
are profitably spent. Any lack of fuids usually reduces the work on the
"soft" tasks, the educational and consultation efforts, while funds for the
"hard" tasks, actual Demonstration test development and running, remain
adequate. Such poorly balanced funding for Turnover results in a more
difficult self-indoctrination and shakedown period for the user. There-
fore, rather than risk customer dissatisfaction, it is best to budget time
and resources for coordination, consultation, and indoctrination.

F. SCHEDLES

In scheduling documentation, try to begin early enough to influence the
final production of program specifications and pace it to match the devel-
opment of the programs. During system testing, the availability of docu-
ments, even if only in rough draft form, is crucial. Polished, formal
documents should be delivered at the time of system demonstration and sign-
off as part of the delivered system. Of course, the documents will have
been reviewed and approved before that date. On the other hand, during
system shakedown, minor discrepancies and inefficiencies may be uncovered
in both the programs and documents. Therefore, the format of the documents
should permit changes to be made to the delivered final versions of the
documents so that the system can begin operations with a "clean deck," in
both documents and programs.
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As implied earlier, close coordination of data base design and maintenance
is essential for compatible schedules. For example, the Data Collection
and Conversion task depends upon the data base design work. Also, if
"real" data frcm the data base are to be used in program testing, delays in
data gathering er difficulty in constructing the data files can slow testing,
Realistic schedi.les are important because delays during testing can endanger
the entire development cycle and little opportunity exists to add personnel,
since they would require education on the entire Project work to date.

Turnover and Shakedown schedules may be endangered by all sorts of delays,
particularly in tasks involving interaction with the user. Coordination
itself takes time. For exanple, although the development of a training
curriculum is not usually a problem, securing agreement with the user for a
training schedule may be. The Project Leader should allow timp for the
user staff to review and modify proposed schedules and for coordination of
all plans that involve user participation.

O.

- eSX/ Nva' able Cop']
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USER DOCUMENTATION TASK 1

VERIFY THE COMPLETENESS AND ACCURACY OF THE PROGRAM SYSTEM SPECIFICATIONS

INPUTS SUBTASKS

Information 1. Collect copies of all previous system documentation
such as:

Details of the program and program
system design specifications and . Preliminary Fructional Description
requirements . Program system design specifications

* Program design specifications
Data base designs Program flow charts

Data base design specifications
Changes to the system Changes to the oystem

2. Review documentation to insure its accuracy and
completeness and to evaluate its adequacy for use

Documents in the production of user documentation.

Preliminary Functional Description 3. Check with system and program design personnel to
be sure that documents are correct, complete, said

Program system design specifications up to date.

Program design specificationS 4. List missing information and interview programming
and design personnel to obtain it.

Data base design specifications
5. Collate the documents and information collected and

Flow charts produce drafts of specifications and flow charts that
reflect current information.

Design change documentation
6. Coordinate the revised specifications with the

appropriate programming personnel to verify the
accuracy of the information.

7. Incorporate corrections and clarifications into

the draft specifications.

,ENVIRONMENT

Interactions and DgpenLencies

programmners and analysts in collecting program specification information and verifying its accuracy and

completeness.

Dependent upon the timely completion and quality of program documentation.

potential delay in getting current information from individual programmers.

potential delay in the review and coordination of the revised specifications.

Potential delay in resolving last-minute program changes.
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DESCRIPTION

Verify the accuracy and completeness of program system documentation, and produce drafts of current, up-to-date

specifications.

OUTPUTS COSTS

Informtion L. Amount and complexctry or the previous
system documenLation.

Verification of the accuracy and completeness
of program system documentation produced as P. Accurtecy and completeness of the
workin drafts documentati on.

3. Numb~er of changes to. be incorporated.

Docmuents 4. ?tumbar of re',iews of coordination drafts.

Drafts of updated specifications 5. Costing formula:

Technical review: 20 pages per man day
Revise: 10 pages per man dayr
Collect Information: 2 days per documnent

plus 2 hours per
interview

Type: 20 pages par man day

At leasnt two drafts of the revised
specifications should be expected.

TechnioaL editing and writing personnel.

progamsing specifications often tend to be vague and incomplete, and subject to many undocumented changes.
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USER DOCUMENTATION TASK 2

OUTLINE USER DOCUMENTATION

INPUTS SUBTASKS

Information L. Review current drafts of program specifications, flow
charts, work sheets, and other documentation to determine

Details of program and program system the scope and nature of the program system to be
design and data buse design documented (ago User Documentation Task 1).

Details of user documentation 2, If necessary, confer with uscr concerning his
requirements documentation requirements to determine the number

and kind of documents to be produced and the wey
in which the doctmente Will be used.

Documents 3. Prepare outlines of the proposed user documents,
including:

Drafts of current program
specifications *Staff Manual.

*Technical Operations
Program flow charts Program System maintenance

i4. Determine, if possible, the illuotrations and charts
to be inclu.'ed in the document.

5. Coordinate the outlines and Illustration lists with
programing and user personnel to Insure completeness
and appropriateness..

6. Coordinate with techhical Illustrators for elapsed
time and schedule considerations.

7. Plan the production of the user documentation,
Including schedules and work estimates, and
Identify sources of Information end material.

8. Distribute the user document outlines or
specifications and production plans to the
appropriate persons.

ENVIRONMENT

Interactions and Dependencies

Proglammers, to insure cmpleteness end appropriateness of do.emofation outlines and plans.

Uses, to determine documentation requirements end the adequacy of proposed documentation.

Dependent upon quality and availability of prior doiumentatiom.

potential delay In determining user's requirement. for documentation, If these ate other than those normally
produced.

potentia.' delay In the revliew and coordination of plans.



10 may 1965 157 TM-2314/000/00

DESCRIPTION
Determine user documentation requirements and the scope of the system, outline appropriate user documentation,

plan its production, and issue use% documentation specifications and production plans.

OUTP'UTS COSTS

Information 1. 3ize and complexity of the system.

Determination of user documentation requirefments 2. Quality of prior documentation.

Specification of user documentation 3. Lexparience level of user in ADP
applications and required user's

Coordination of specifications and plans mhanuals.

*Identification of contributors 4. Number of coordination and review
points for plans and outlines.

5. Costing formula:
* Documents Approximately two, man weeks per user's

Outlines or specifications for user document, plus writing and editing costs

documentation of producing outlines and plans.
(Assumes each major function requiring

Schedules for production of user documentation one operator'sa attention results in oneg user document such as a guide or handbook)

ENVIRONMENT

Rtesearces &M Working Conditionb

'Nebmcal writing wAn editing capability.

prograing dommetaitio. often inaidequate uAn incomplete.
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USER DOCUMENTATION TASK 3

PRODUCE USER DOCUMENTATION

INPUT7S SUBTASKS

information 1. Assign personnel to the writing, editing, and
illustration of the user documentation.Details of proglra system and data

be desls gn 2. Coordinate the production of the different partsof the user documentation to ensure that schedules
User documentation requirements are met and that document contents ar coapatible.

Formats and outlines of user 3, Write introductory and integrative material to insure
documents cohesion and continuity in the document.

4. Prepare indexes and glossaries as needed.
Docuents" - 5. Colect, edit, and integrate drafts of the various

Prior system docMuntation p arts of the user documents.

Current drafts of program specifications 6. Prepire coordination drafts of the user documents
and circulate them for review and coordination by

outlines and specifications of user users andprogram development personnel.
documentation

7, Collect comentary and revise user documentation to
schedules for the production of user produce fimna concurrence draft.
S dcumentationl 8. Coordinate the production of the user documents with

Turnoves personnel to determine training and demonstration
requirements for uner documentation and to arrange for
the practical evaluation of user documentation during
demonstration and shakedown.

9. Coordinat' the mechanical production cf the document
to insure schedules are met.

w|

•)•. ENVIRONMENT

InteractionsA & M M D in00oi

prqpg |rs and aWA alyss, on producing portions of the user tocumentation and coordinating drafts.

User pperonnel, In the review and coordinstion of draft documnte.(

Tarnow persoeal, in Goterining training atn demonstration requirements and arranging for evaluation of
the domMOt.

epsa•d4nt o the tjlogy eoastleti. and delivery of the parts of the documentation produced by many contributors,

"pent"Il deay is review and coordination of drafts.

pomtenia dewIn oherte to tki d4oumentation to incorporate Dror a cw sa.
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DESCRIPTION

Perform the technical writing and editing necessary to produce user documentation, coordinate the production of

material by many contributors, and verify the adequacy and accuracy of the results.

OUTPUTS COSTS

Information 1. Size and complaeity of the system.

Descriptions of the operating system capability 2. Size and complexity of individual programs.
for the nontechnical reader

3. Quality of prior documentation.

Descriptions of the computer equipment and
associated input/output equipment for this 4. Number of dlt'ferent manuals to be produced.
program system

5. Number of changes that appear.
Descriptions of the program system that will
permit cther prograimers to maintain the system 6. Number of coordination and review points.

7. Coating formula:

Documents Drafting rate: 3-5 pages per man day
Technical review: 20 pages per man day

Staff Manual Edit: 50 pages per man day
Revise: 10 pages per man day

Technical Operations Type: 20 pages pere an day
illustrate: 2 pages per san day

Program Maintenance Manual
One may expect 10-35 pages of ,ocumentation
per 1000 machine instructions.

At least two drafts (i.e., two iterations
of the last steps above) should be expected.

ENVIRONMENT
Resources wA Working Conditions

Tschnlaal writing, Illustrating, and editingl capability.

Aceutate an complete Information on progrm system opemtionA &aM system oontent mwaatory.
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USER DOCUMENTATION TASK 4

OBTAIN CONCURRENCE ON USER DOCUMENTATION

INPUTS SUBTABKB

Information 1. Distribute concurrence drafts to user, Turnover, and
other pWs'onnel whose concurrence on the user

User documentation requirements documentation Is required.

2. If possible, arrange for trial use of user
doements during *ystem tests, user training,

Douments and dmonstration tests.

Concurrence drafts of user 3. Arrange, if necessary, to hold a concurrence
documents conference on user documents with the user

and other appropriate personnel.

J4. 0ollect commentary, produce revisions, and coordinate
the revised drafts with the user, continuing this
process until satisfactory documentation in produced.

Systft t a Tecvw personnel p i the user doimentation.

Deendent Aon timelY cempletion of Pri0ction and co094tnation of final co draft.

potentil d•lay armngin for conrence cnference and in obtainina reviews of the docments by user

Ipotential d"- in egrzenng ad conducting pmactical trial use of the docot.
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DESCRIPTION

Coordinate the fin~al drafts of user documentation with the user end other appropriate personnel to alitain their

approval and concurrence on the docuentation, and, If possible, submit the documentation to a practical trial

prior to final distribution.

OUTPU75 COSTS

Information 1.. Size end couple~d~ty of user documents.

Concurrence on user documents 2. ?ftaber of review end coordination personnel
Involved.

Assurance of adequaoc'. through Practical
trials 3. Numnber of practical trials atteepted.

Doevinents

Pimal, concurred-on draft of user docmmmnt'

resource@
Scylase of @endor technical people are required In the coordination end *0Dcurren*c onference.
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USER DOCUMENTATION TASK 5

PUBLISH USER DOCUMENTATION

INPUTS SUBTASKS

Information 1. Schedule final production of the user documents.

Reproduction and format requirements 2. 1lit and revise user documents to include features
for user documentation specified during the concurrence proceedings.

Distribution lists 3. Incorporate changes and modifications to reflect
errors and deficiencies detected during demonstration

Schedules and shakedown.

Arrors to be corrected 4. Perform and coordlnate final typing, editimg, and
repoductioC of the documents.

5. Deliver (dietribute) the documents to the prescribed
Doeuments distribution list.

0onourred-on drafts of user documents

Error reports

I I
Maeato anEeedece NVIRONMENT

R.eproduction a&M distribution facilities, in arranginr the final reproduction arnd diotribution of rhe

Turnoer and user pereoml", to oerrect errere and deficienciem In the documents detected during

demstration m shMmd'n, ad to reflect the latest sysesm changes.

D ee t upo the timelly comletion of the eoncurrene procedures.

rotftiael del I in omeerperating aw systes changes.

PolttalW delay in oareeting documentation for aimee and deficiencies detected during shakedown.

ii i i i i i i uI
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DESCRIPTION

Produce and distribute the user documents, mo~dified to reflect the latest changes end corrections in the

system.

OUTPUTS COSTS

Documents 1. Niumber of docaument changes required to
reflect error corrections end systain

Final copies of user documentsl changes.

2. Size of user documnentation.

3. Number of copies.

4.Formst and degree of polish.

5.costing formula:

See Costing formula in User Documentation
Task 3. These rates will be accelerated,
influenced by the factors above.

Tessbaio writing man editing espablIfty.1 , Mprona plannung @ad scheduling to include all last-minute changes NAn to dialiver documents on ties.

-~ an t
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USER ASSISTANCE TASK I
ADVISE USER ON DATA COLLECTION AND CONVERSION ACTIVI7IES

INPU7S SUBTAVKB
1.* Inform the user of his data gathering and convers ion

Information responsibilities. Assist user to:

Dat bass desig *Evaluate the usefulness of existing data files..
*Prepare data-gathering forms and procedures.

Data requirements .Identify sources of system data.
*Explain data-gathering requirements to data suppliers.

Data gathering and convesion *Establish criteria for accuracy and completeness of

2. Advise user of del.ays and difficulties likely
System design and functional to be ex-perienced In collecting data from a large n~umber
requirinsto of organizations.

3. Compare the user's data collection plans aid schedules,
System eavfromim5ft data descriptions, and statement of products with the

Datacolecton lans sceduesProject's statements of system requirements, program
Daaclection plams, schdue@ designs, and schedule deadline& to dertect diezropancies.

procdure, fomsand Gi~mnts4. Expedite the clarification and correction of ambiguities
Data descriptions and conflicts in descriptions, designs, and schedules,

and advise the user and developer on the adequacy of
program test date requirement@ plans.

Datagaterig an coverion rogess5. Advise user on the speed, accuracy, and cost of various
Datagaterig an coverion rogesstechniques of converting data, and On establishing

procedures for the minntenance of df~tla files, I.e.,
adding, correcting, and pirging data.

Documents6. Coordinate this advice given to tb6 user with other
astem analyis, design,. and ievolepemat activities,

plawnng 35tiinte and keep tUb project iAorcm& of the proresu or
the data-gtathring and coawrsics activities.

project Developamet plan
prliinry cwtional Description T. Asaist in obtaining data for program and system tests

elindnaxyfrom the user's data riles.

Reports on data analysis and 8. Coordinate data base design changes that maight awise
analysis of the user's environment during either data collection wan conversion or Xvrogrm

i~lmsdmmtation.
9. Assist Turnover personnel in obtaining data for

briefings, demonstrations, and training for system msers.
10. Ev'aluate the quallity and adequacy or the data base

products that the user produces and advise him their
Improvement.

Interactis and Dseaodwamoi

Sprogrami %nd system test persomeal, on test data requirement# and arrangement..t ?tnover pwrowiel, on demmtration wan training plans Ad data bAse needs.
Dependent upon timly delivery of system designs, program and system test plaus, implementation and turovr plans.

ptnial dalq In no gewtting usr to begin data collect~ion MAd conversion task in time to prepare data files
fo y tesi ng and/sor turmover use.

potiut~l deaiy in the reviw ead evealution of data bae& products, and In the coordination of data base plows
addesigns ad data bass changes.
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C
DESCRIPTION

Inform the user of his responsibilities for the collection and conversion of data, assist him in preparing
to collect the data, advise him on the technical aspects of the task and the adequacy of his products, and
coordinate and integrate 1he plans and designs of tbe system development activity and the user's data collection
and conversion activity.

OUTPUTS COSTS

Information 1. Degree of knowledge of data base requirements.

Advice to the user on data-collection and 2. Level of experience and skill of user ix the
conversion techniques collection and conversion of data.

Coordination of data-collection activities with 3. Degree cf close oooperation and rapport with
system implementation activities the user.

Arrangements for use of data for program and system 4. Size and complexity of the system and tUe
test and demonstration purposes associated data base.

Coordination of data base changes 5. Degree of knowledge and understanding of user's
terminology and environment.

Assurance of quality in data base products
6. Degree of dispersion of data sources, security

Arrangements for briefings and other transmissions classification of the data, and other conda-
of information tions that might create problems of data

accessibility.

Documents 7. Degree of dependence on ample data from the
data base to be used in checkout and turnover.

Progress reports
8. Degree of user recognition of the need to

Technical memoranda to the user to provide technical communicate his plans, schedules, and wtxat
advice and assistance of progresa.

Technical memoran(a to the Project to coordinate 9. Costing formula:
the details of data base structure and changes
thereto Part-time job for one analyst, not requiring

senior personnel beyond the initial establish-
ment of channels and evaluation of plans.

Gross estimate: One-quarter time for aystes
analyst for the duration of the project.

X ENVIRONMENT

Resources an4 Vorkidr Conditions

Requires the good will and cooperation of user data collection and conversion personasl.

Knowledge of user's terainology and envrirent.

Knowledge of the system and the impact of data %hanges upon it.

One system awalyst, part time.

staff and advisory vork requires ny outside contacts and interactions with Project personnel.

i
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USER ASSISTANCE TASK 2

DEVELOP USER TRAINING PLAN

INPUTS SUBTASKB
Information 1. Review all Project products and docueamts for the user

to determine fully the details of the system and the
Details of program system content and user's operating concept for the system.
operations

2. Determine the amount of change there will be in the
Details of user's operational concept user's operations (i.e., how much the new system differs
and environment from the old) and estimate the requirements for training

and indoctrination in the use of ADP.
Characteristics of personnel to be
trained 3. Interact and advise the user in determining the extent

of the training required, and cooperate with him in the
Level of training required production of a training plan.

Program testing plans 4. Determine the characteristics of those to be trained
such as present and future duties, level of ADP

Demonstration test plans experience, educational levels, and general level
of capabilities.

5. Determine the training requirements necessary to
Documents prepare for system testing and demonstration testing.

Plans a&d schedules 6. Plan, with the user, a curriculum and schedule that
will cover the content and bring the operators and

System requirements and design documents staff up to the required levels of proficiency.

preliminary Functional Description 7. Produce and coordinate the training plan with those
who will be producing training materials and acting

Drafts of user documentation as lecturers and instructors.

Weeon trei" iagtqvirements and &dIe on the production of the training plan.

?reject owsomfal, to Gdetauine system content and ssatm teat training requirements and to marnge for
mater•aJ sad teacking aseletaem.
Dependent UPe sceneate information an system content and operation and user's operating concept and level

of qaerI e.
potentia delay in eonacting appropriate and responsible user personnel.

.. tentila delay in review, coariation, COIWW•TEon• e e u training pa.
4*•

• .• :•i•:: : I.. ..
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S
DESCRIPTION

Interact with the user to determine training requirements, and assist him in planning and scheduling training that

will help his personnel to adjust to changes in oper-ational concept, and also t prepare for system testing and

demonstration testing activities.

OUTPUTS COSTS

Information 1. Size and complexity of the system.

Training requirements 2. Number of locations where training must be
conducted.

Coordination of system testing and demonstration
activities with training 3. Level of experience of user personnel in ADP.

Assistance to user in planning to train his 4. Number and variety of positions and operators
operators to train for.

5. Level of experience of Project personnel
in training and planning to train for a new

Documents system.

TTrsining plans 6. Extent of difference between the operations
and activities of the old system and the new.

N

S~ENVIRONMENT

Resources and Workin.1 Conditions
Normualy, senior analysis and design personnel are required for user contacts and training requirements analysis.

Writing, editing, and duplication necessary.

BSome educational and training experienee.I.
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USER ASSISTANCE TASK 3
CONDUCT TRAINING PROGRAM FOR USER'S STAFF, OPERATORS, AND MAINTENANCE PERSONNEL

INPUTS SUBTASKB

Information 1. Determine characteristics at personnel to be trained
such as their organizational units, responsibilities

Turnover plaum (present wan ftut~re), and previous ADP experience.

Demonstration test plans 2. Proepr* training materiels including curricula,
briefings and lectures, textual naterials, audio-

User eovirorautt and operations v1isual displays, and experience with actual equipment.

Total systai schedules and plans 3. Coordinate clasasroom requirements and sudicu-visual
support such as projectors and stands.

User training plan.
4.* Arrange for the publication wan distribution of

JXvnilability of space and computer training manuals and other materials..

timeforreqiredUs~~ng5. Conduct classes.
System design and operations

6. Conduct debriefing sessions after the demonstration
test.

Dociuments T. Consult NAVCO6SACT training for personnel for advice and training
materials and coordinate training materials with them.

syeste design documsentation

user environment documentation

Sched~ules

Turnover Plan n

Demnstration Tast Plan

timers on trainin plans and intoerlls.

XAVCO68As? training personal, for' adviftonu traini~ng aids and technique*an rte of plans

project eobgra "uJett matter.

potential deAW in letmidniSg training needs.

potential delay in obtaining user cooperation In the preparation of material and the scheduling of classes
and demostrations.
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(pages 172 and 173 blank)

DESCRIPTION

Train user personnel to interpret inputs and outputs, to prepare inputs, to control the computer and program

system, and to maintain the program system.

OUTPUTS COSTS

Information 1. Size and complexity of system.

Briefings 2. Number and variety of personnel to be trained.

Loctures 3. Number of installations to be indoctrinated.

Seminars 4. Number of lectures and demonstrations
delivered.

Exercises
5. Number of operator positions to prepare

Training plans material for, volume of inputs each position
prepares, number of outputs to interpret,

Evaluation of the state of training and number of actions that my be taken.

Training requiramts 6. Costing formula:

Estima•tc ranges from 4 to 16 man weeks.

Documents

Training aids

Training manuals

Lecture notes

Schedules

Status reports

ENVIRONMENT

ReAMurem and Working Cowdition.

Djovledie or artm Ad its Operation.

bovlefte of user MAn bis Operations.

erlence with curriculum develoPient and twhim.

Djplication, Vpqbe arts, tochncal writing, and Otim ad oistratIve *uport needed.

,'i ;i
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TURNOVER TASK 1
DEVELOP THE TURNOVER PLAN

INPUTS SUBTASIC
Informtion 1. Document the user's requirements for orientation,

training (see User Assistance Task 2), phaseover,
Plans from prior program development aRi deliverable products.
activities

2. Determine the user's plan. for the Demonstration Test
Plans from the user dLata collection (see Turnover Task 2) and coordinate these plans with
and conversion activity the personnel that will assist in the Demonstration.

Plans from program testing activity 3. Advise the responsible user personnel on turnover and
shakedown procedures.

User requirements for testing, demon-
S stration, and products 14. Verify schedules for the availability of operational

equipment, the data base, and all personnel involved
I Znforation on user environent in the Turnover activity.

Feedback from user on prior and 5. Reviev and coordinate the drafts of the user documenta-
present plans tion and the Turnover Plan with the Turnover personnel.

6. Identify all agencies that will interact during turnover
and shakedown and coordinate the Turnover Plan.

Documents
7. Assist user personnel in reviewing the Turnover Plan

Plans and schedules and revise and publish the final version.

System requirements and design documents
8. Prepare the statement of project completion for

Data base design and data definition review and signature.
documents

Impleuautation Plan

j Project IManual (drafts)

Progress reports from prior activities,
data collection and conversion, program
test

S~ENVIRONME•NT

1Lteractiova and Dependencies

User on r*quiremnts and plane.

Project nefters on requirements and plans for turnover.

Coordination personnel on Tfunovr Plan.

Potential delay In contacting appsro•riate aWl responsible user personnel.

Potential delay in getting user to ,orualate furnover Plan.

LPotential delay In coordination, review, and concurrence of T~armavr Plan.
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DESCRIPTION In cooperation with the user, determine the phfseover requirements from current operations to the new

system, including training, orientation, and demonstrations, and prepaer pl~ans to satisfy these requirements,

including liatjj of turnover products, needed briefings, training and Indoctrination efforts and procedures

to demonstrate the successful operation of the system.

OUJTPUT¶S COSTS

Information 1. Size and complexity of system.

Turnover requirements 2. Number of locationni to be Installed.

Turnover plnan 3. Level of user experience in ADP.

Assistance to user in turnover planning 14. level of experience and skill of Project
personnel for planning and doing turnover

*Briefings tasks.

5. Degree of rapport with user.

Documents 6. Number and variety of agencies involved in
turnover plans and activities.

Turnover Plan, including delivery schedule for
the completed program system and supporting
documentation

Coordination memos and letters

ENVIRONMENT

Ibsouroes and WorkI!1 Conditions

Senior personnel required for user contacts.

Writing, editing, and duaplicat ion necessary.

Personal contact, analytic ability required.

Intensive contact vith user on his plans end roquiremnts.
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TURNOVER TASK 2

CONDUCT DILMONS TRATION

INPUTS SUBTASXB

Inormation 1. Identify user personnel responsible for demonstration
and estimate level of system knowledge and experience

Test plans and procedures In system testing.

Turnover pgans 2. Provide documents on system test design, sample tests,
and test results to user personnel.

System requirements MAn design
3. Review user plans and schedules for the demcnstration

Demonstration test plans test (see Turnover Task 1).

User environmeent analysis 14. Produce or assist in the production of system test
materiel required for the demonstration test.

Demonstration test designs
5. Brief the participating personnel on the objectives

User demonstration test requirements and procedures of the demonstration.

Program test results 6. Dry run the entire test if time permits.

T. Conduct the test and document the results.

Docuents8. Debrief the personnel that attended and participated in
the dvoonstrations.

The Turnover Plan

The program sVstes on cards and tape

Scripts, side, dvoW Inputs# data base
tapes, and other materials

System requirements and design documents

Program test plans, requirements, and
design documents

Drafts of user documentation

User on 60==~trstion Plans ald assistance.

project personzal ou participation In tests.

Dependent upon successful and timely completion of system tests.

Potential delay in moking final arrangements with user.
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DESCRIPTION

Prepare for and conduct the demonstration test of the system jointly vith user personnel.

OUTPUTS COSTS

Information 1. Size and complexity of system to be tested.

Briefings 2. Number and extent of demonstration tests
to be run.

Final preparations and plans
3.Level of experience of user personnel in

Debriefings conducting system tests adapplying ADP
to their operations..

1.Costing Formula:
Documents

Final preparation and actual conduct of the

Detailed schedule test for a system, at moderate isme sho%1A tau
an elapsed time of about one woek. One or

Reports on damonstration results more dry runs, especially if associated with
operator training, my add one or more veeks
to the schedule.

Estimate about tva mna weeks for system of
about 10,000 to 20,000 Instructions.

Requirsd o user's operston wl abelity. to uriersteand user's point of view.

Experience and skill In system test techniques.
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TURNOVER TASK 3

ASSIST IN THE OPERATIONAL SHAKEDOWN OF THE SYSTEM

INPUTS SUBTASKS

Informatiun 1. Monitor the initial period of operation of the system
to detect malfunctions and inefficiencies and to

Detailed knowledge of the program system evaluate the performance of the system.

Detailed knowledge of user's operation 2. Interact with operational personnel to give advice,
and environment answer questions, and clarify errors and misconceptions

concerning the system.
Knowledge of program tests and test
requirements *3. Establish procedures for reporting suspected program

malfunctions, including the details of what and to whom
to report.

Documents 4.. Receive and investigate reports of program malfunctions
from the user. determine the precise conditions

Program specifications surrounding tue suspected malfunction and
vhether the malfunction is due to a program error, an

Preliminary Functional Description operator error, an equipment failure, or a misunderstood
specification.

User documentation
5. Transmit reports of malfunctions suspected of being a

Program and system test plans and program error to the responsible programmers, along with
results as much supporting evidence and surrounding details as

possible, for a more searching dieAnostic run.

6. Identify reported malfunctions as either:

a. an error in programming, that is, the requirerents
were understood, but incurrectly implemented; or,

b. an error in logic, that is, the requirements were
not understood, and therefore were incorrectly
implemented.

7. Estimate the cost of making the necessary changes and
coordinate a plan for implementing the
changes with NAVCOBCT mansgement and the user.

8. Install, test, and further shakedown any modifications
to the program made during the shakedown period as a
result of design change requests, and correction of
errors.

*Steps 3 through 8 constitute a typical procedure for
_________________________________handlina errors after initiation otf ake•m.

I ENVIRONMENT

Interactions and ,..endeocies

Operatinlo. personnel, In giving advice an moniltorling the operation of the system.

User personnel, in revieving and evaluating suspected malfunctions.

Project pereonnel, In correcting errors and in processing requests for major changes.

Dependent upon the quality of the debugging and testing achioved, and degree of adherence to system specifications.

Potential delays in educating operators to distinguish between their ova and program errors.

Potential delay In transmitting reports of malfunctions to pwograsers and getting corrections made and checked out.

14
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DESCRIPTION

Monitor the operation or the system during the shakedown period to detect and corroct .alfunctione

In the progrems, and to assist the user In learning to uee and understand the syste..

OirrPU79 COSTS

Information 1. Size and complexity of system.

Detected mlfunpctions 2. Quality or delivered system and
documentation.

Operator training
3. avsl, of operator training.

Procedures for reporting wad correcting
wolfiNotione J.Degree of ch~ange from prior operations.

improved customer relations 5.Number of locations involved in shakedown.

Documents

Reoports of suspected malfunctions

Design change requests

p Agreements on the handling of system
modifications

W

ENVIRONMENT

aeore sad Working Oomiltione

Dstndled kovleds of system operations mad "or's envirionmnt.

btill in personal relatione.

&Ml in detecting and correcting program malfunctione.

Man centacte with user and system operators.

&Aksim in a period of considerable anxiety and uncertainty as operators leamn to use the system and as
osrana jefteted, not only in the progra.., but In procedures and equipmont.

period Lihely to be am. of recurring smarpnciee end conferoenes to seek solutions to problems and siewiderstandin.
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* UITRACT
x2his d~ocument offers a systematic approach Afor planning projects to develop
--omputer-based. information syate"a. The primary emphasis is placed. on the
cmg~uter program portion of such systems. A descriptive model of the development
process forms the basis for a set of prescribed. planing mand nagement tasks.
The !nwdel includes eight phases: (1) System Analysis,. (2) Bystem Design.,
(3) Program Developmeant. (4), Program Coding,, (5) Program Checkouti, (6) User
Docimentatioli, (7) User Training and Assistance, andl (8) Turnover. Each phase is

further divid~ed. into tasks and. subtaskB for the purpose of more clearly under-
standing the elements of the d~evelopment procees. A detailed. .equence Of pl-m'n
activities provides guidance for planning., scheduling and costing the tasks that

comprise the development processi, san forms ar3 supplied. to record the Planning
results and to serve as checklists fo-ý the required work. The forms aid
procedures also provide a basis for pr~ject control and for collection of data
that my be used. to iW-ove estimates based upon experience. Althoueb this
Guide was prepared for use at the Naval Command systems Sqpport Activity.,

tho material can easily be adapted to apply to programiing iu other
orgwnizatJions. (authors)
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